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AHS1C1
During the p i t  ISO je a n ,  numerous schemes for the u ti liia tio n  
i f  bagasse bat! been proposed. Duly a fcv uses, other than aa l t d ,  have 
proven c c o ra ic a lly  sound aid  a lev sugar s i l l s  can usually supply the 
bagasse required for these. One of the potentia l uses uhich might con- 
sinc the tremendous quantity of bagasse th a t i s  available throughout tbe 
vorld, i s  tbe paper and tbe v a il board industries . Many investigators 
are agreed th a t to  make a high quality  paper f r a  bagasse, i t  i s  essential 
th a t tbe ju ice bearing c e lls ,  p ith , and s i te  of tbe d i r t  be r a w e d  f r a  
the bagasse fib e r.
f a y  processes, botb chemical aid  mechanical, bale been suggested 
for separating tbe p ith  f ro i  tbe fib e r . Ibe chemical methods v e rt general­
ly  too costly  and many of tbe mechanical ones in e ff ic ie n t, i f t e r  a review 
indicated tb a t tbe mechanical separation method appeared to  offer tbe best 
p o ssib ili tie s , research vas s ta rted  on th is  subject a t  Louisiana S tate 
University, in M
Preliminary investigations using a specially  designed suing b lu e r  
m ill in conjinction v ith  a flo ta tion  t a i l  shoved tbat a f ib e r  product re* 
la tiv e ly  clean and free of p ith  could be obtained, l i e  next step vas tbe 
censtnction  of a s e m r c i a l  s is c  p ilo t p lan t. I t  vas soon discovered 
th a t tbe f lo ta tion  cants vere not necessary and tbe plant vas then remodel­
ed in to  a lo re  compact l i t  composed of three swing h i i e r  m ills .
In  th is  separation p lan t, tbe bagasse passes across tbe top o f the
n i
haulers in each of the three m ills , I  portion o f tbe p ith  i s  forced apart 
f r a  t i e  f i l e r  in each m ill and passes through a screen which is  located 
d ire c tly  beneath the hammers. H e  leads o f t i e  m ills are designed so, that 
v ater or steam nay be in jected  in to  tbe bagasse as  i t  progresses through 
the m ills .
f a s  were made on tbe more compact unit f r a  t i e  M  grinding 
season through tbe 1  season during v tich  tin e  improvements vere made 
u n ti l tbe plant v i l l  now handle over 1 tons o f rav bagasse per hour a t 
m t i in i  capacity, host of the data included in th is  report are f r a  tbe 
'52 to W  seasons during i c l  tin e  the author vorked v ith  the Separation 
F lin t .
I t  vas determined tbat the vet separation vas le t te r  than the dry, 
but nore problems arc encountered in  handling and storing the vet fiber 
and p ith , H e amount of separation obtained and pover consumed vere i f  
te n in ed  as a function o f the m uler of l i l l s  used, fee l r a te , the m ill 
screen s i te ,  ro tary  speed, and vet or dry separation, l i e  pover consump* 
tien  per l i t  of product vas improved considerably i f  only two m ills vere 
used and a high feed ra te  maintained, lhe l e s t  fibe r product is  obtained 
v ith  large screens and a n i i i  vater r a te , and tbe poorest v ith  small 
screens and no v ater, Since various products require d iffe ren t amounts 
of separation, conditions nay be chosen anywhere between these e t a s ,
H e evaluation o f the fibe r product as a rav m aterial for paper slovs 
th a t i t  i s  vastly  superior to  normal bagasse aid th a t tbe vet separated 
fibe r i s  b e tte r  than tbe dry for a quality  produet, lhe vet separated f i l e r  
requires very l i t t l e  additional refin ing  fo r  vallboard production.
xiii
INTRODUCTION
The m anufacture o f cane sugar d a te s  back s e v e ra l hundred y e a rs . 
Bagasse, th e  f ib ro u s  re s id u e  from th e  g rin d in g  o p e ra tio n , has long been n 
source o f  tro u b le  to  th e  m i l l s .  Because o f i t s  low d e n s ity , i f  allow ed 
to  accum ulate a t  th e  sugar m i l l ,  i t  becomes a g re a t n u isan ce . I t  can 
be used su c c e ss fu lly  as  a low grade fu e l  and p r a c t ic a l ly  a l l  o f  the  
world*s p roduction  o f bagasse i s  burned. In  some c a se s , f a c to r ie s  may 
produce more steam than  i s  req u ired  fo r  the  o p era tio n  of the sugar m ill  
because o f  th e  excess bagasse . Where th i s  i s  th e  c a se , th e  fu rnaces arc  
u su a lly  opera ted  a t  low e f f ic ie n c ie s  to  prov ide a means o f d isp o s a l.
The sugar in d u s try  in  many a re a s  i s  exceed ing ly  co m p etitiv e , and 
tbe margin o f p r o f i t  i s  low. In v e s tig a tio n s  in to  d i f f e r e n t  a sp ec ts  o f  
the use o f  by -p roducts from th ese  m il ls  has been made in  an e f f o r t  to  
improve th e i r  f in a n c ia l  p o s it io n . Bagasse, which i s  one of th e  m ajor 
by-p roducts , i s  produced by th e  m il ls  a t  th e  r a te  o f  about 25 m illio n  
tons p er y e a r . I f  t h i s  enormous q u a n tity  o f  m a te r ia l  could be put to  
a  su ccess fu l commercial u se , i t  would both in c re a se  th e  margin o f p r o f i t  
fo r  a low re tu rn  in d u s try  and provide more income fo r  the a re a s  produc­
in g  sugar cane.
Over th e  p a s t 150 years  th e re  have been many v en tu res  in to  th e  
oommcrcial u t i l i z a t i o n  o f bag asse . A very  few have succeeded. P robably  
the  most o u ts tan d in g  success in  t h i s  country  i s  th a t  o f  the  C elotex
2C orp o ra tio n . The reasons fo r  the  success o f th i s  company seem to  be two­
f o ld .  (1) Advantage was taken o f  an in h e re n t p ro p e rty  o f  bagasse to
produce a q u a l i ty  product which could n o t e a s i ly  be d u p lic a te d  by use o f
any o th e r  raw m a te r ia l .  (2) An ex ten siv e  s a le s  promotion program was
undertaken . However, even w ith  th e  v a s t market o ffe re d  in  the United 
S ta te s ,  t h i s  use on ly  accounts fo r  about 25% o f  the  bagasse p roduction  
o f  L o u isiana . Some bagasse board i s  now being  produced in  Hawaii, Taiwan, 
Peru , England and A u s tra l ia .  An a d d it io n a l 5% o f  Louisiana bagasse i s  
used fo r  anim al l i t t e r  and a g r ic u l tu r a l  mulch.
The f i e ld  o f  u t i l i z a t i o n  o f  bagasse which has rece iv ed  th e  g re a t­
e s t  amount o f  in v e s t ig a t io n  over th e  p a s t  cen tu ry  i s  th a t  o f  paper 
m anufacture. A h i s to r i c a l  review  o f  th e  more se rio u s  experim ental work 
combined w ith  a s tudy  o f  p re se n t day su cc e ss fu l commercial o p e ra tio n s  
shows th a t  th e  fo llow ing  item s should be considered  by workers in  the 
f i e ld .
(1) Except fo r  use in  w a ll board, c o rru g a tio n , e t c . ,  i t  i s  essen­
t i a l  to  s e p a ra te  th e  p i th  from th e  f ib e r  to  produce a  high grade p ro d u ct.
(2) P i th  f re e  f ib e r  i s  an e x c e lle n t raw m a te r ia l  fo r  th e  production  
o f pulp and paper.
(3) P ith  f re e  f ib e r  can be converted in to  pulp  by any o f the 
o rd in a ry  pu lp ing  p ro cesses  o r w ell known m o d ific a tio n s .
(4) The cho ice o f  th e  v a rio u s  p rocesses a v a ila b le  i s  a  m a tte r  o f  
economics, depending on th e  s p e c if ic  lo c a t io n .
S ince th e  key to  the  su c c e ss fu l use o f  bagasse fo r  pulp p roduction  
l i e s  in  an  e f f i c i e n t  and e f fe c t iv e  commercial means o f  s e p a ra tin g  th e
3p i th  and d i r t  from th e  f ib e r ,  two g en e ra l methods have been proposed; 
chem ical and m echanical. The chem ical methods were found to  be too  c o s t­
ly  and many o f th e  m echanical ones proved i n e f f i c i e n t .  The dry  m echanical 
s e p a ra tio n  i s  n o t a sharp  one and th e  f ib e r  s t i l l  c cm ta in s  much d i r t .  I t  
has been shown th a t  the  wet se p a ra tio n  o f th e  f ib e r  and p i th  r e s u l t s  in  a 
h ig h er q u a l i ty  f ib e r .
Because o f th e  im portance o f th e  sugar in d u s try  to  th e  economy o f 
L ouisiana and th e  tremendous i n t e r e s t  in  methods fo r  making b e t te r  use fo r  
b ag asse , th e  Board o f  S u p erv iso rs  o f L ouisiana S ta te  U n iv e rs ity  au th o riz ed  
by re s o lu t io n ,  th e  c re a tio n  o f a fund o f  $50,000 to  be used in  a study  o f 
th e  p o s s ib i l i ty  o f  u sing  c e r ta in  sources o f  c e l lu lo s e  n o t a t  p re se n t used 
com m ercially. I t  was understood th a t  t h i s  source would be bagasse . A 
s t ip u la t io n  th a t  th i s  work was to  be done by th e  Department o f  Chemical 
E ngineering was made.
The Department s tu d ie d  th e  problem a t  some le n g th . This in c lu d ed  
a review  o f the  prev ious commercial a ttem p ts  a t  bagasse u t i l i z a t i o n  and 
th e  reasons fo r  t h e i r  f a i l u r e .  As a r e s u l t  o f  th i s  s tu d y , th e  conclusion  
was reached th a t  one o f  th e  fa c to rs  o f prime im portance to  th e  s a t i s ­
fa c to ry  use o f bagasse fo r  paper p roduction  was th e  e lim in a tio n  o f th e  
p i th  f ra c t io n  from th e  bagasse p r io r  to  p u lp in g . A s tu d y  o f  se p a ra tio n  
methods showed th a t  most o f  them were e i th e r  im p ra c tic a l o r  p ro h ib i t iv e ly  
expensive . This le d  to  a  study  o f b e t t e r  methods fo r  p i th  s e p a ra tio n .
As a r e s u l t ,  a sim ple , inexpensive m echanical p rocess was developed and 
p a te n te d . During th e  course o f  th i s  work, a  p i l o t  p la n t was b u i l t  to  in ­
v e s t ig a te  a l l  phases o f  th e  new p ro c ess . In  t h i s  d i s s e r ta t io n  th e  r e s u l t s
m l i t  l i d  probably lie safe to a s s w  t b i t  cane f i l e r  b o  aong  those 
t k t  be tr i e d ,  t e e  ea rly  expcriients are generally considered to  le  
t i e  begitining of t i e  manufacture of p  as ve b a r  i t  today!5) ,
1 study ly  t i e  Department of C m e r o e M  k i t e  a  survey of 
o o ic rc ia l  attempts to  use l a p * 1 1 1  M t r  ^  °5
cess for t i e  u ti lis a t io n  o f lagasse in  p  dates la c l  to ISIS, Litkenhous
mentions tb a t in  18ft W e d g e  attempted to use lagasse as a su ls titu te  
for rago io  p ,  l i e  f i r s t  attempt to  use lagasse for p  stool vas 
in  1884, vhen tbe m aterial i s  slipped to  France f ro i the Island of 
Hartinquc. Also in  th is  year, t i e  le v  Orleans Daily Picayune i s  printed 
on a p  u d e  np o f % lagasse, pins SDji rag content, H uy pulp and 
paper n i l s  vhich used lagasse as a rav  m aterial vere tr ied  or planned, 
l i e  deletes Corporation located a t  H a r m ,  Louisiana, i s  t i e  f i r s t  to 
produce, successfully and economically, predicts manufactured from lagasse. 
lhe success o f t i e  Celotex ( o p t i o n  depends on a high y ie ld  o f product 
f ro i  lov  cost le c la n ical operations npon tbe lagasse. I t  i s  said ly  tbe
7C elo tex  C orporation  th a t  most f a i lu r e s  in  papermaking a tte m p ts  w ith  ba­
g asse  were due to  th e  h igh  conversion  c o s t  f o r  chem ica ls ,  power, la b o r ,  
e t c .  T h is in d ic a te s  th a t  any a n t ic ip a te d  u t i l i z a t i o n  o f  bagasse should 
be s tu d ie d  v ery  tho rough ly  from an economic p o in t o f  view .
Along w ith  th e  development a s  a  raw m a te r ia l  fo r  p ap er, a ttem p ts  
were made to  use bagasse a s  a  f u e l .  S in ce  e a r ly  m i l ls  were very  in e f ­
f i c i e n t ,  th e  bagasse co n ta in ed  la rg e  amounts o f  m o is tu re . As a r e s u l t ,  
R e e d y ^ ^ )  s ta t e s  t h a t  i t  i s  n o t s u rp r is in g  th a t  some o f  th e  f i r s t  pub­
l is h e d  works a re  p a te n ts  fo r  th e  d ry in g  o f  b ag asse . Some o f th e se  were 
is su e d  befo re  1850. In  1911 K err p u b lish ed  th e  most v a lu ab le  work in  
t h i s  f i c l d ^ ? )  • As th e  m ill in g  p ro cess  improved i t  was found th a t  th e  
bagasse could be burned w ithou t d ry in g .
The f i r s t  p a te n t  in v o lv in g  th e  design  o f  a  bagasse fu rnace  was 
th a t  o f  M arie(147) in  1881. A fte r  t h i s ,  much a t te n t io n  was focused on 
th e  design  o f  fu rn a c e s . The use o f  bagasse a s  a  f u e l  was su c c e ss fu l be­
cause i t  n o t on ly  o f fe re d  a method fo r  th e  e lim in a tio n  o f  a  nu isance 
b y -p ro d u c t, b u t a ls o  produced h e a t f o r  ev ap o ra tio n  o f  w ater from th e  ex­
t r a c te d  ju i c e s .  The bu rn ing  o f  bagasse i s  o f  such im portance th a t  today 
the p r ic e  o f  bagasse fo r  any o th e r  use i s  g e n e ra l ly  determ ined by i t s  
rep lacem ent fu e l  v a lu e .
The burn ing  o f bagasse  w ith  o th e r  f u e ls ,  g e n e ra tio n  o f  p roducer 
g as , b r iq u e t t in g ,  making g la s s  from bagasse a sh , and even an a tte m p t a t  
making a s u b s t i tu te  fo r  smoking tobacco have been t r i e d  in  a tte m p ts  to  
f in d  o u t le t s  f o r  b ag asse .
8(2) Review o f  S ev e ra l Comprehensive S tu d ie s  o f  Bagasse U t i l i s a t io n
There have been se v e ra l comprehensive l i t e r a t u r e  surveys made o f 
bagasse u t i l i z a t i o n  in  th e  p a s t .  One o f th e  f i r s t  o f  th e se  was by 
R e e d y ^ ^ )  in  1932, which l i s t s  some 414 re fe re n c e s . These cover com­
p o s it io n , u se s , and o th e r  g en era l to p ic s .  Some 94 o f th e  re fe ren ce s  
have been a b s tr a c te d .
An e x ten s iv e  l i t e r a t u r e  search  on su g ar cane bagasse in  connection  
w ith  th e  War P roduction  Board P ro je c t  No. 547 was c a r r ie d  ou t in  1944 by 
L itk c n h o u s ^ ) . There a re  some 849 re fe re n c e s  in  th is  re p o r t  concerning 
b ag asse . Some o f th e  conclusions o f th e  work a re  l i s t e d  below:
(1) A ll e a r ly  work recogn ized  th e  advantages to  be gained by 
using  bagasse a s  a source o f  paper a n d /o r a lp h a  c e l lu lo s e .
(2) Bagasse was t r e a te d  by methods s im ila r  to  those  developed 
fo r  pu lp ing  wood and such tre a tm e n ts  were too  d r a s t i c .  Bagasse was no t 
handled acco rd ing  to  i t s  own p h y s ica l p ro p e r t ie s .
(3) Where bagasse was cheaply  sep a ra ted  in to  f ib e r  and p i th ,  th e  
u t i l i z a t i o n  o f  bagasse has been econom ically  f e a s ib le .
(4) Many paper p roducts can be made, u s in g  about 55# o f bagasse 
on a bone dry  b a s is .
The c o s t  f ig u re s  in  t h i s  paper a re  ou t o f  d a te , bu t th ey  s t i l l  
g iv e  r e l a t iv e  v a lu e s .
An an n o ta ted  b ib lio g rap h y  compiled by C. J .  West^23) in  1952 i s  
q u ite  com prehensive. I t  in c lu d es  some 541 re fe re n c e s  on b ag asse . They 
a re  d iv id ed  in to  th re e  g en e ra l groups: (1) p u lp , paper and board , (2)
p l a s t i c s ,  and (3) chem ical and m isce llaneous s tu d ie s .
1 paper Ip  S c o t t ^  in  191V reported od sugar cane by-products, 
l i e  vork report! oo the estimated surplus o f bagasse for most fac to ries  
io tbe H e m  area, Ib ia  verb did lo t  include a bibliography as mob, 
but did include some references as footnotes.
Accent information concerning bagasse baa been published b j tbe 
United l a t io n s M ,
The subject of chemical and mechanical separation of bagasse vas 
covered in  a th e sis  by l in lc r  in  1 9 5 9 ^ 1  This vork baa some 92 re ­
ference!, covering a period from U J1 to  1947, Ib is  thesis  a lso  covers 
the orig inal vork on the bagasse separation unit a t  Louisiana S tate 
University,
Considerable vork vas done by la tlro p  and Aronovskyl®) on t i c  
pulping o f  ag ricu ltu ral residues for t i e  production o f paper products.
In the course of th e ir  investigations they f o i d  tb a t i t  u s  essen tia l to 
separate the pith  from lagasse for t i e  production o f fine papers lo th  
frem the standpoint of yield and the quality  o f tbe resulting  p u lp M ,  
They found th a t the Hydrapulper developed and designed ly  the Black- 
Clavson C o p y  eould be used to  great advantage in  the pulping of 
ag ricu ltu ral residues and v ith  a f tv  modifications the same apparatus 
vould separste a considerable quantity of path f r a  bagasse,
Atchison d e s c r i b e d ^  a bagasse separation plant v l i c l  vould 
employ Hydrapulpers, Data a re  given on equipment, investment, capacity 
and operating costs,
I ,  fROClHG I  UTILIZING BAC/ISSE
I t  i s  beetling evident that the economic s ta b ility  of the cane 
sugar industry may bo aided by extracting several major products from 
sugar cane instead of sugar alone, For th is  reason, bagasse, the indus­
try 's  major by-product has received the a tten tion  of many investigators,
The methods for u ti lis in g  bagasse have been lim ited only by the imagi­
nation o f the inventor, This has caused a great increase in lo th  the 
m b e r  o f publications and the fie lds  into vhich i t s  uses have gone,
The li te ra tu re  is  becoming even more v o li in o u s  than indicated ly  the 
previous section . Because the fie lds  of u ti lis a tio n  are so numerous,
I s  l i te ra tu re  survey has boon divided into appropriate sections, Al­
though the successful u ti lis a tio n  of bagasse may involve several of these 
sections, a b etter overall vicv can be obtained ly  the grouping of in fo r­
mation in to  such topics as production trends, production methods, calculations 
concerning bagasse, purchasing, handling and im position , Other sections, 
such as i t s  use for fuel, paper, board, p la stic s , fu rfu ral, c a ttle  feed 
and miscellaneous products, are included,
(1) Production Trends,
Figure 1 slovs the principal areas of the world where sugar cane 
is  g ro w W  and hence, the areas in which bagasse is  produced, From 
















W ORLD P R O D U a iO N  OF CANE AND BEET SUGAR, 1 9 )0  TO 1 9 5 2
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CROP YEARS • In somo countries harvesting begins in the  foil of the previous year.
(Figvns showing tho production of centrifugal and non-centrifugal sugar soparoMy 
prior to 1936 ore not available)
About two-thirds of tho world 's sugar  supply comes from sugarcane.  The 














Because of the various government restrictions witich have been placed on 
the import and/or export of sugar in order to establish a stable market, 
the production trends are controlled. Hence, once a supply of bagasse
to the next. An exception to this vould occur i f  one used only surplus 
bagasse from one or two mills. In this case, items such as furnace ef­
ficiencies, variations in fiber content of the cane, and mill efficiencies, 
vould determine the quantity of bagasse available. An unfavorable grov-
duction vas made by the Department of Commerce^). I t  includes detailed 
information on practically a ll of the Caribbean area, Louisiana, Hawaii; 
and Cuba. Figures for many individual mills are given. Estimated fig­
ures for 1950 and 1951 production for the vorld, broken down by country, 
are given, Of the approximately 25,000,000 tons of bagasse produced, 
about half is produced in the Western Hemisphere. Cuba is the leading
tons.
figures or. sugar production vhich can be related to bagasse, The issues 
of Gilmore Sugar Manuals^11'  12’ give production and trends for the 
vorld's sugar areas, The following chart (Table I) shows typical data 
available on factories in Louisiana^51*)!57),
Document L.5,0 of reference 22 considers the various factors vhich 
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GROUPS I  + I I  
3
FACTORIES









Bagasse F ib e r  
P re ss  Cake—Sucrose
SUCROSE BALANCE:
M olasses, S ue. in ,  % Cane 
P re ss  Cake, S ue. i n ,  % Cane 
Undetermined S ue. i n ,  % Cane 
Bagasse Sue. i n ,  % Cane 
T o ta l L osses, Sue. in ,  % Cane 
Sugar S ucrose i n ,  % Cane 










Lbs* 96* Sugar M. and E. Ton Gross
Cane 153.96
Lbs. 96* Sugar M. and E. Ton Net Cane 159.46
G a ls . F.M. (B/S) M. and E. T/C 80
B rix  7 .82
B o ilin g  House E ff ic ie n c y  97.83
GROUPS I  and I I  -  Ten r o l l s  o r  l e s s 2 /





















































GROUP IV -  Twelve and T h irteen  R o ll M ills  
GROUP V -  Fourteen R o ll M ills
1f  A ll c a lc u la t io n s  based on g ro ss  w eig h t.
2 /  A ll m i l ls  equipped w ith  one o r more s e ts  o f  k n iv e s .
March 24, 1953
P repared  by V. M. Grayson
S ugar M arketing S p e c ia l i s t  
La. S ta te  PMA O ffice
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(2) P roduction  o f  Bagasse
Bagasse i s  produced as  th e  by-product o f  th e  p rocess used fo r  the 
e x tra c tio n  o f  th e  sucrose  from sugar cane . I t s  freedom from extraneous 
m a te r ia l  depends on the method o f  h a rv e s tin g . In  Hawaii the  cane i s  
p icked up and broken o f f  a t  the  ro o ts  a t  which p o in t th e  s ta lk  breaks 
e a s i ly .  Much t r a s h  and d i r t  a re  picked up in  th e  cane by th i s  method 
and la u n d rie s  a re  u s u a lly  in s t a l l e d  to  c lean  th e  cane o f  t r a s h ,  ro ck s , 
and d i r t  a t  th e  fac to ry *  M echanical h a rv e s tin g  i s  p ra c tic e d  in  
L o u is ian a , and o fte n  the  cane i s  burned in  o rder to  f a c i l i t a t e  hand ling , 
p a r t ic u la r ly  where la b o r  i s  expensive . These p ra c t ic e s  r e s u l t  in  much 
t r a s h ,  d i r t  and carbon p a r t ic le s  f in d in g  t h e i r  way in to  the bagasse.
Thus, th e  above item s become im portan t in  the  co n s id e ra tio n  o f any ba­
gasse  u t i l i z a t i o n  sch em e^7) .
Hand c u t t in g ,  which r e s u l t s  in  much c le a n e r  cane, i s  common 
p ra c t ic e  in  many p a r ts  o f  the  w orld . The s ta lk s  a rc  c u t o f f  c lo se  to  
th e  ground and topped a t  th e  h ig h e s t co lo red  j o i n t .  O ccasionaly , the  top  
j o i n t  o r two i s  saved fo r  seed . The leav es  a rc  removed a t  the  same tim e 
th a t  th e  s ta lk  i s  c u t ^ 7) .
Once th e  cane i s  h a rv ested  th e  ju ic e  i s  e x tra c te d  by a s e r ie s  o f 
k n iv es , c ru sh e rs , and m i l l s .  The p h y s ic a l s iz e  o f  the bagasse p a r t ic le s  
produced i s  a  fu n c tio n  o f th e  type o f  m i l l .  When two smooth r o l l e r s  a re  
used the  cane emerges in  ribbons about two in ch es wide and f iv e  to  s ix  
f e e t  lo n g . When a c ru sh er and th re e  r o l l e r  m il l  a re  used , i t  emerges in  
the  same ribbon  form b u t about 14 inch es  in  le n g th . When k n iv es , sh redders
\17
and m il ls  a re  used th e re  i s  a  la rg e  p e r cen t o f  f in e s ,  sometimes a s  h igh 
a s  15 to  20 per c e n t ^ - ^ ) .  Most bagasse v a r ie s  between th e  l a s t  two 
ty p e s . U sually  about 97$ o f i t  w i l l  pass an in ch  square opening^6®).
The m ill in g  o f sugar cane, u s in g  k n iv es , sh redders and m i l l s ,  
w i l l  be d iscu ssed  in  more d e t a i l .  The m illin g  p rocess may be sep ara ted  
in to  two s te p s :  (1) the  p re p a ra tio n  o f  th e  cane by break ing  down th e
hard s tru c tu re  and ru p tu r in g  th e  c e l l s ;  (2 ) th e  a c tu a l  g rin d in g  o f  th e  
cane. The p rep a ra tio n  i s  accom plished in  s e v e ra l d i f f e r e n t  ways: by
rev o lv in g  cane knives which c u t th e  cane in to  ch ips b u t e x tr a c t  no ju ic e ;  
by sh redders which te a r  th e  cane b u t e x t r a c t  no ju ic e ;  by c ru sh e rs  th a t  
break and crush  the  cane, ex p ress in g  a la rg e  p o rtio n  o f  th e  ju ic e ;  o r by 
a com bination o f any or a l l  o f  th e se  means. The cane then  passes from 
th e  p rep a ra tio n  through th re e  to  seven s e ts  o f th r e e - r o l l e r  m i l l s .  The 
woody re s id u e  from the f i r s t  and subsequent m il ls  i s  termed bagasse . As 
the bagasse passes through th e  m il ls  i t  i s  compressed more and more, 
each tim e p a r tin g  w ith some o f th e  re s id u a l  ju ic e .  Under good co n d itio n s  
the  bagasse emerges from th e  l a s t  m il l  a t  about 50$ woody f ib e r .  Most 
f a c to r ie s  add u a te r  to  th e  bagasse coining from each m il l  o r use th e  d i ­
lu t e  ju ic e  from a subsequent m i l l ^ ^ .
The s tru c tu r e  o f cane has a very  marked in flu e n c e  on e x tr a c t io n .
The bagasse may vary  from 50$ f ib e r  and 45$ m oistu re  to  45$ f ib e r  and 50$ 
m oistu re  f o r  th e  same m il l  when p ro cessin g  d i f f e r e n t  types o f cane . The 
g re a te r  th e  amount of f ib e r  th e  l e s s  th e  e x tr a c t io n .  A lso adhering  le a v e s , 
d i r t ,  and tops o f  s ta lk s  w i l l  ad v e rse ly  a f f e c t  th e  e x tr a c t io n .  The a v e r­
age percen tage e x tra c tio n s  fo r  Hawaii, A u s tra l ia ,  Jav a , and L ou isiana a re
18
9 5 .5 , 9 5 .5 , 94 and 93$, re sp e c tiv e ly ^ * ? ) .
I t  nay be seen from th e  p rev ious d isc u ss io n  th a t  th e  p a r t ic u la r  
type o f  bagasse ob ta ined  from a sugar m il l  would depend on th e  type o f 
m i l l  t r a i n ,  th e  method o f h a rv e s tin g , and th e  e f f ic ie n c y  o f th e  m i l l s .
(3) C a lcu la tio n s  Concerning Bagasse^**^)
The In te rn a t io n a l  S o c ie ty  o f  Sugar Cane T ech n o lo g is ts  makes th e  
fo llow ing  recommendations fo r  th e  c o n tro l o f  the cane m ill in g  o p e ra tio n : 
nThc fundam ental equation  fo r  th e  w eights o f th e  p roducts e n te r in g  and 
le a v in g  th e  m i l l  s ta t e s  t h a t  cane p lu s  w ater equals mixed ju ic e  p lus 
b ag asse . U n fo rtu n a te ly , no p r a c t ic a l  w eighing machine fo r  la rg e  s c a le  
o p e ra tio n  i s  a v a i la b le ;  th e re fo re ,  the  w eight o f  bagasse has to  be de­
term ined in d i r e c t ly .  Many methods have been used, bu t two a re  recommended 
by th e  S o c ie ty .
(A) The w eight o f  th e  im b ib itio n  o r m aceration  w ater i s  determ ined 
as  such o r  i s  d erived  from i t s  volume, and th e  w eight o f th e  bagasse i s  
found by app ly ing  the  fundam ental form ula given above. This system  i s  
used in  a number o f  c o u n tr ie s .
(B) The f ib e r  per c e n t cane i s  d i r e c t ly  determ ined in  samples o f  
th e  cane, and th e  bagasse p er c e n t cane c a lc u la te d  from f ib e r  p e r cen t 
cane and f ib e r  p e r c e n t bag asse . The w eight o f  th e  im b ib itio n  o r  macera­
tio n  w ater i s  then  c a lc u la te d  by th e  fundam ental fo rm u la .11
S ev e ra l c a lc u la t io n s  based on th e se  two methods a re  o f  i n t e r e s t ,  
b u t f i r s t  one needs to  o b ta in  th e  fo llow ing  two item s:
(1) B rix  p er cen t bagasse equals p o l p e r  cen t bagasse tim e B rix
19
p er c e n t l a s t  expressed  ju ice*  d iv id ed  by pol p er c e n t l a s t  expressed  
ju ic e ;  (2) f ib e r  p er c e n t bagasse equals  d ry  substance per c e n t bagasse 
minus B rix  per cen t b ag asse .
For scheme A based on th e  im b ib itio n  w ater one o b ta in s  th e  fo llow ­
in g :
(1) Weight o f bagasse equals w eight o f  cane p lu s  w eight o f im­
b ib i t io n  w ater minus w eight o f  mixed ju ic e .
(2) Bagasse per c en t cane equals  100 tim es w eight o f  bagasse 
d iv id ed  by w eight o f  can e .
(3) F ib e r  per c e n t cane equals  f ib e r  per c e n t bagasse tim es ba­
gasse  p er cen t cane d iv id ed  by 100.
(4) Weight o f  f ib e r  equals  f ib e r  p e r cen t bagasse tim es weight 
o f  bagasse d iv ided  by 100.
For scheme B, based on th e  f ib e r  p er cen t cane* one o b ta in s  the 
fo llo w in g :
(1) Bagasse per cen t cane equals 100 tim es f ib e r  per c e n t cane* 
d iv id ed  by f ib e r  p er c e n t bagasse .
(2) Weight o f bagasse equals bagasse per cen t cane tim es weight 
o f  cane d iv id ed  by 100.
(3) Weight o f f ib e r  equals f ib e r  p er cen t cane tim es w eight o f  
cane d iv id ed  by 100.
(4) Purchase C o n trac t fo r  Bagasse
A summary o f  th e  most im p o rtan t item s which a re  u s u a lly  inc luded  
in  a  c o n tra c t  fo r  th e  purchase o f  bagasse in  L ouisiana i s  g iven:
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A m il l  th a t  i s  producing bagasse in  any* s iz a b le  q u a n tity  and i s  
u s in g  i t  as a  f u e l ,  w i l l  u s u a lly  only  be in te r e s te d  in  s e l l in g  bagasse 
i f  they  can e n te r  in to  an agreem ent o f s u f f i c i e n t ly  long term  to  ju s t i f y  
th e  expense o f  m odifying i t s  fu rnaces to  use fu e ls  such as o i l  o r  gas 
r a th e r  than bagasse .
The q u a n tity  o f  bagasse which w i l l  be bought p er year on a  bone 
dry  b a s is  i s  agreed  upon w ith  th e  s t ip u la t io n  th a t  the  Buyer w i l l  take 
and pay for* o r  f a i l i n g  to  take* n e v e r th e le ss  pay for* th e  amount o f 
bagasse agreed  upon.
The S e l l e r  ag rees to  d e l iv e r  to  th e  Buyer th e  s e t  amount and any 
a d d it io n a l  to n s  o f bagasse a v a ilab le*  i f  th e  s p e c if ic  amount i s  requested  
in  w r itin g  by J u ly  1 o f  each y e a r . S ince th e  p roduction  o f  bagasse might 
vary  from y ear to  year* th e  S e l le r  w i l l  n o t be req u ired  to  d e l iv e r  an 
amount of bagasse in  excess o f th a t  produced. A ll th e  bagasse d e liv e re d  
i s  weighed by the  Buyer and such w eight i s  v e r i f ie d  by th e  S e l le r  on 
s c a le s  m u tually  agreed  upon. This weighing i s  done a s  th e  bagasse i s  de­
l iv e re d  to  th e  Buyer.
The S e l le r  ag rees  th a t  th e  bagasse s h a l l  be produced from cane 
c o n ta in in g  n o t more than  1.25$ by w eight o f  bone d ry  trash*  leav es  and 
to p s . The s tan d a rd  methods o f  t r a s h  de te rm in a tio n  a re  s ta te d .  Deductions 
a re  made i f  th e  t r a s h  i s  above 1 .25$ .
The w eight o f  bagasse i s  c a lc u la te d  on a bone d ry  b a s is  a s  fo llow s: 
samples o f  bagasse a re  taken  from hoppers in  th e  b a lin g  p la n t every h a l f  
hou r. M oisture samples a re  run by th e  Buyer every s ix  h o u rs . The average 
o f  such d e te rm in a tio n s  made d u rin g  each day i s  considered  to  be th e
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average moisture content for the bagasse delivered that day. The Seller 
furnishes the Buyer with the daily percentage of sucrose and other soluble 
solids in the bagasse calculated by standard methods. If this is not
furnished the sucrose and soluble solids is taken as six per cent of the
wight of the bagasse. The total wight of fiber then equals the weight
of bagasse delivered minus the amount of trash in excess of 1.25/6 minus
the moisture, sucrose, and other soluble solids.
When the Celotex Corporation firs t began to use bagasse the question 
arose as to the price that they would pay for bagasse. Studies of the 
literature and the operating records of Louisiana sugar factories indi­
cated that one ton of 50 per cent moisture bagasse was roughly equivalent 
to one barrel (42 gallons) of fuel oil or 6 MCF of 1000 Bill per cubic 
foot natural gas. The present contracts provide that the sugar factories 
will be paid for each ton of bone dry fiber the money equivalent of 12 MCF 
of 1000 BTII per cubic foot of natural gas or two barrels (84 gallons) of 
fuel o il. In addition, the seller is paid a bonus of $.50 per ton of 
bone dry fiber. With natural gas at 16-2/3 cents per MCF of 1000 BTII 
per cubic foot natural gas, bagasse would be worth $2.50 per bone dry 
ton. I f  the price of natural gas changes, the price of bagasse will go 
up and down accordingly. For a natural gas price change of one cent per 
MCF the bagasse varies accordingly, 16-2/3 cents per ton.
The agreements arc usually in effect for twenty years from the 
f irs t deliveries of bagasse unless teminated by either party on one 
year's written notice.
On the fifteenth day of each month, the Buyer pays 75? of the total
purchase price of the bagasse received during the previous calendar month. 
The remainder is due the following Hay 1.
The Buyer has the right to bale, pile, treat, and store bagasse on 
the property of the Seller, and to erect and install on the property any 
necessary buildings and equipment for conveying, baling, piling, treating, 
storing and shipping, and otherwise handling the bagasse. The property is  
usually leased at an agreed rate per acre, and is located adjacent to the 
bagasse delivery point and such transportation as is  available.
The Seller delivers the bagasse to the Buyer at the end of the 
conveyor,, which is  located so that the Buyer has access for conveying, 
baling, loading, and otherwise handling the bagasse. After delivery to 
the Buyer at such a point, the bagasse is handled at the Buyer's risk.
The Seller supplies the Buyer, at cost, with steam and electric­
ity , Water is furnished, at cost, for fire protection only. The Buyer 
has the right of way over the Seller's property, however, not to the ex­
tent that i t  interferes with the Seller's normal operation.
All improvements made by the Buyer remain his property but he is 
required to remove his equipment within two years after the termination 
of the agreement,
The usual clauses involving default due to accident, fire, explo­
sion, flood, windstorm, tornado, riot, strikes, etc. are included. Mo 
assignment can be made of the agreement except by previous consent of 
both parties, except mortgaging or as security for indebtedness.
If for some reason beyond control, natural gas cannot be supplied, 
the Seller has the right to use sufficient bagasse to operate the sugar
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m il l .
Nothing in  the agreem ents makes th e  S e l le r  o b lig a ted  to  o p era te  
th e  sugar m il l  i f  i t  i s  n o t ad v isa b le  to  do so . However, i f  the  m ill  
i s  n o t operated  fo r  th e  e n t i r e  season , th e  Buyer s h a ll  have th e  o p tio n  
o f c a n c e llin g  th e  agreem ent.
Any co n troversy  a r i s in g  out o f  an agreem ent i s  s e t t l e d  by a r b i ­
t r a t i o n  in  accordance w ith  th e  Rules o f  th e  American A rb itra t io n  
A sso c ia tio n .
(5) Handling o f  Bagasse
Due to  th e  low bulk d e n s ity  o f bagasse , i t  i s  ev id en t t h a t  some 
o f  the  g r e a te s t  d i f f i c u l t i e s  to  be overcome in  any u t i l i z a t i o n  scheme 
a re  handling  and sh ip p in g  problem s. S ince bagasse i s  u s u a lly  produced 
fo r  on ly  a few months o u t o f  th e  year (abou t 65 days in  L o u is ia n a -  
Table I )  s to ra g e  of th e  m a te r ia l  i s  n ecessary  in  o rder th a t  a y ea r long 
supply can be assu red  fo r  a by-product u se .
The d e n s ity  o f bagasse as i t  comes from the m il l  i s  about ten  
pounds per cubic fo o t.  This makes i t  n ecessa ry  to  compress th e  bagasse 
in to  b a le s  whose d e n s ity  i s  abou t 40 # / f t ^ .  The b a le s , as  made, weigh 
about 250 pounds each, and th ey  average 17" x 21" x  30" in  s ize (^ ® ).
Some work has been done in  an a ttem p t to  omit th e  b a lin g  o p e ra tio n , and 
handle bagasse in  loose  f o r a ^ * ) .
In  L ou isiana, once th e  bagasse i s  b a led , i t  i s  c a r r ie d  to  th e  
s to ra g e  s i t e  which i s  u su a lly  n ea r th e  m i l l .  The hazard  o f f i r e  re q u ire s
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th a t  i t  be moved to  a sa fe  d istan ce*  The b a le s  a re  l i f t e d  by a sp e c ia l  
grab and p laced  on th e  p i l e .  The b a les  a re  stacked  accord ing  to  a  d e f in i te  
p a tte rn  so th a t  a i r  may c i r c u la te  f r e e ly  through th e  s tac k  to  a id  in  
d ry in g . This i s  n ecessary  s in ce  th e  h ea t o f  r e a c tio n  o f  th e  fe rm entation  
o f  r e s id u a l  sugars to  a c e t i c ,  b u ty r ic ,  and r e la te d  a c id s  i s  q u ite  h ig h . 
Spontaneous combustion i s  always a  danger i f  t h i s  p recau tio n  i s  n o t tak en . 
B oric a c id  i s  p laced  between each la y e r  o f bagasse to  a id  in  i t s  p re s e r -  
v a tio n  by p rev en tin g  th e  growth o f c e r ta in  fu n g i. When th e  s tack  i s  
com plete, i t  i s  covered w ith co rru g a ted  iro n  ro o fin g  which can be used 
from y ear to  year(®®).
The h ea t o f  re a c tio n  m entioned, a id s  in  d r iv in g  o f f  a la rg e  p o rtio n  
o f  m oistu re  in  the  bagasse . In  L o u isian a , th e  m o istu re  co n ten t i s  reduced 
to  about 15-25# by th e  re a c tio n  and s to ra g e . This h e a tin g  period  a lso  
le a v e s  th e  bagasse r e l a t iv e ly  s t e r i l e  so th a t  th ese  s tack s  can be l e f t  
f o r  one o r more years  w ithou t se r io u s  lo s s .  The normal lo s s  i s  about 
5% o f  th e  o r ig in a l  f ib e r .  As the  bagasse i s  needed, i t  i s  taken from 
the  s ta c k s  and shipped to  th e  p o in t o f  u se .
The fo llow ing  p r ic e  fo r  bagasse a s  determ ined by the 1950 season 
i s  g iven by K e lle r^ ® ) .
Purchase P r ic e  o f Bagasse $ 2 .5 0 /to n  B.D. F ib er
B alin g , S tack in g , and Covering 
Bagasse in  F ie ld $ 6 .0 0 /to n  B.D. F ib er
Loading C o sts ,
S to rag e  to  R ailro ad  Cars 
a t  P o in t o f  O rig in $ 0 .5 0 /ton  B.D. F ib e r
T o ta l, f .o .b .  a t  p o in t of o r ig in  $ 9 .0 0 /to n  B.D. F iber
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Added to this price would be that of transportation, which would 
be $1.00 to $1.25 per ton per 100 miles. The advantage to be gained by 
any scheme which will reduce the handling, storing, and shipping cost of 
bagasse is obvious from those figures.
In one location in South Africa, bagasse is  carried by a belt con­
veyor and loaded directly into tip  trucks which take i t  a short distance
to the digester charging room. This eliminates much of the expense of 
baling and stacking. Because of the low density, this system is  not 
economic, except for very short hauls. In this same area, for a haul of
36 miles, the bagasse is  baled to increase the payload
C hristophcrson^ discussed the mechanical handling of bagasse,
The shipping of bagasse is  considered by V a s i l ' e r ^ l  The handling of 
bagasse, by the Celotex Corporation, is  review ed^),
(6) Composition of Bagasse
Mill run bagasse produced during the 1953-54 season in Louisiana had 




These percentages may vary, depending on the milling efficiency, 
type of cane, trash, etc, In some factories the moisture may be as low 
as 40?!, I t  will be noted that the three items do not add up to 100$,
The other 2.3$ is  usually considered to be water soluble material in the 
bagasse other than pol, Dextrose and fructose make up most of this. 
Spencer^) has indicated tha t these sugars make up only 0,4 to 1,35$ of
the original cane, the low percentages being for mature cane.
The fiber portion of the bagasse is  defined as that part which is 
insoluble in water, This is  the constituent which has been the object of 
much investigation, The fiber of the cane has two distinct parts: (1) 
the true fiber which is  found in sections near the rind and in  various 
sites of vascular bundles throughout the cross section, The individual 
fibers will vary in  length from one to four millimeters^®), (2) The 
pith cells or parenchyma is  the other constituent, In the cane stalk, 
the pith is  the walls of the storage cells for juices, Plates I ,  II  and 
I II  show details of a cane s t a l k ^ l  The chemical analysis of whole ba­
gasse, fiber and pith were essentially the s a m e ^ ,







The similarity between whole bagasse, fiber and pith on three samples 
of bagasse has been indicated by L athropM , The pith and fiber samples 
were obtained from bagasse by fractionating the material in  water a fter 
treatment in  a hydrapulper, A screen with 0,04 inches diameter holes was 
used in this operation, I t  was shown that the ratio of pith to fiber in 
bagasse is  about one to two, Some screen analyses of the separated fiber 
are given, In another work, Ia th ro p M  reported proximate chemical 
analyses on coanercially baled bagasse from Louisiana, Fiber lengths and
Cellulose ,
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m m m
, . -  - TSJp.fr Q ~ r 'C '
Fig. 17. A oection through the outer part of n cane stem: 1, epidermis; 2, 
the thick-walled cells which form the rind; 3, 4, vascular bundles of different 
sites; 5, thick-walled cells or sclerenchyma which give rigidity nnd strength 
to the stalk; 6, ground tissue or storage cells. After Lowton-Brnin (06).
A N N U L A R . E L E M E N T S  
L A C U N A  O tt A IR  T U B E
•X Y L E M  V E S S E L
S C L E R E N C H Y M A  
D u , f S - S I E V E  T U B E ,
P H L O E M  -COM PANION CELL
P A R E N C H Y M A  O R  S T O R A G E  C E L L S
IN T E R C E L L U L A R  S P A C E S
Fig. 20. A diagrammatic drawing of Fig. 19 showing the structure 
of the vaseular bundle and surrounding storage cells in three dimen­
sions.
P la te  11^® )'
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Plate III*10)
Fig. 21. A, tho parenchyma or storage cells in the stalk*are somewhat circular in 
shnpe when viewed in cross soction. The inter-cellular spaces between the individual 
cells are also shown in this photograph. B, in longitudinal'sections the storage cells 
are rectangular in shape.
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v id th s  a re  compared w ith those  o f v a rio u s  voods. The p i th  to  f ib e r  r a t i o  
i s  about one to  two in  bagasse acco rd ing  to  Yce Hu^128) .
The v a r ia t io n s  in  chem ical an a ly ses  o f  bagasse v ersu s m a tu rity  were 
re p o rte d  by B 'd rg e r^ 2) . As th e  cane ag es , th e  f ib e r  co n ten t in c re a se s , 
the pentosans in c re a se , th e  l ig n in  d ec re a se s , and th e  ash  in c re a s e s . He 
re p o rte d  th a t  th e  f ib e r  co n ta in s  su g a r- fre e  w ater o f  h y d ra tio n , and th a t  
a  d i s t in c t io n  should be made between th e  su g a r-fre e  w ater and th e  su g ar-  
co n ta in in g  w a te r. A nalyses were made to  show th e  v a r ia t io n  in  per cen t 
f ib e r ,  p en tosans, l ig n in ,  n itro g en  compounds, and ash  fo r  d i f f e r e n t  cane 
v a r i e t i e s .  The h ydra te  w ater i s  between 20 and 25%, Under p re ssu re  t h i s  
goes down c o n s id e rab ly . Comparisons were made between th e  e lem en tal a n a l­
y s is  o f bagasse and v arious woods. There i s  no e s s e n t ia l  d i f f e re n c e . He 
re p o rte d  th a t  the  f ib e r  le n g th  and con ten t vary  w ith  v a r i e t ie s  o f  cane, 
bu t th e  chem ical com position i s  th e  same. This may account fo r  success 
in  one p lace  and f a i lu r e  in  an o th er in  th e  u t i l i s a t i o n  o f b ag asse . B8rgcr 
a ls o  re p o r ts  th a t  th e  f ib e r  le n g th  in  L ouisiana i s  lo n g , bu t in  In d ia  i t  
i s  very s h o r t  (2mm).
The ash  in  bagasse v a r ie s  from le s s  than one p er c e n t to  more than  
ten  p er c e n t, depending on c o n d itio n s . S ev era l in v e s t ig a to r s  have re p o rte d  
on th e  com position o f bagasse ash^24^ 89^ 83^ " )  • In  a l l  c a se s , th e  S i02 
co n ten t was g re a te r  than 70^. The Fe2<)3 c o n te n t, which probably  g iv es  th e  
a sh  i t s  red  c o lo r  on o ccas io n s , v a r ie s  w idely .
A complete a n a ly s is  o f  sugar cane in  L ouisiana i s  g iven  by Spencer^3-7) .  
A re p o r t  on th e  f ib e r s  in  bagasse, and an a n a ly s is  f o r  pen tosans, l ig n in ,  
c e l lu lo s e  and ash  a r e  g iven  by Honig^84) .  R esu lts  o f  chem ical exam ination
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o f  Ind ian  sugar cane b a g a sse ^ S )  have been re p o rte d . A ra p id  method fo r  
sucrose a n a ly s is  in  bagasse u sing  a high speed b len d er i s  re p o rte d  by
S c h m i d t ^ ? )  #
(7 ) Bagasse a s  a Fuel
Bagasse has a bulk  d e n s ity  o f  abou t ten  pounds per cubic fo o t.  
Because o f  t h i s ,  i t s  p h y s ica l volume may become a nu isance and a method 
o f d isp o sa l needed. F o r tu n a te ly , i t  makes a good low grade f u e l .  Fac­
to r i e s  th a t  produce more bagasse than  needed fo r  steam requirem ents 
u s u a lly  o p era te  t h e i r  fu rnaces i n e f f i c i e n t ly  to  d ispose  o f  th e  excess 
bagasse . In  s p i te  o f  a l l  th e  work th a t  has been done to  f in d  o th e r  uses 
fo r  i t ,  approxim ately  90 per cen t o f  the  w o rld 's  bagasse i s  burned.
Bagasse i s  u su a lly  c a r r ie d  d i r e c t ly  from the m il ls  to  the b o i le r s  
by c a r r ie r s  o f  the  drag type  and i s  fed  to  the b o ile rs  m e c h a n ic a l ly ^ ? ) . 
According to  M illc r(8b ) th e  autom atic feed ers  save la b o r  and improve 
b o i le r  o p e ra tio n .
W ils o n (H 2 ) s ta t e s  th a t  th e re  i s  no reco rd  o f  the f i r s t  g ra te  fu r ­
nace used fo r  bagasse b u t f l a t  g ra te s  were used p r io r  to  th e  in v en tio n  o f 
the  h ea rth  fu rnace by S tillm a n  in  1856. The s te p  g ra te  fu rnace  was de­
veloped in  th e  1890 's and soon a f t e r  1900 a s te p  g ra te  fu rnace was produced 
to  a llo w  th e  bagasse to  d ry  b efo re  being burned. The Ward h ea rth  fu rnace 
which appeared in  1936 has th e  w idest use o f  t h i s  type a t  p re se n t.  In  
1947, th e  sp re a d e r-s to k e r  type o f  g ra te  fu rnace  was adapted  to  th e  burn­
ing  o f  bagasse. He says th a t  t h i s  i s  considered  to  be th e  b e s t g ra te  type 
fu rnace  fo r  modern m i l l s .
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L o re n z i' '  s t a t e s  th a t  th e  o ld e r  p la n ts  used a m u l t ip l i c i ty  o f  
sm all b o i le r s  w ith  r e f r a c to ry  h e a r th - ty p e  fu rn a c e s . The o p e ra tin g  e f ­
f ic ie n c ie s  were low. These o ld e r  fu rn aces  have been out-moded in  th e  
l a s t  te n  y ea rs  by the developm ent o f  the s p rc a d e r -s to k c r , w ater cooled 
fu rn a c e s , b en t tube b o i l e r s ,  su p e rh e a te rs ,  a i r  h e a te r s  and b a g a c il lo  r e ­
tu rn  system s. Three s ta g e s  o f  bu rn ing  a r e  d isc u sse d  by L o ren z i: d ry in g , 
d i s t i l l a t i o n  and b u rn in g . S in ce  85J5 o f  th e  com bustib les in  bagasse  i s  
v o l a t i l e  m a tte r , much burn ing  ta k e s  p lace  away from th e  bed. He a ls o  
s ta te s  t h a t  tu rb u le n t  suspension  bu rn in g , which in c re a se s  th e  tim e o f  
f a l l  o f  bagasse th rough  th e  ho t g ases , i s  an e x c e l le n t  f e a tu re  o f  s to k e r  
f i r i n g .  The v a r ia b le  speed drum type  feed e r i s  co n sid e red  to  be one o f  
th e  most im p o rtan t c o n tr ib u tio n s  to  bagasse s to k e r  f i r in g ^ ® ^ .  S p rea d e r-  
s to k e r  f i r i n g ,  in c lu d in g  a c o n s id e ra tio n  o f  fe e d e rs , g r a te s ,  d i s t r i b u t o r s ,  
d es ig n , a s h p i t ,  a i r  req u irem en ts , e t c . ,  i s  review ed by M ille r^ 88) .  The 
advantages o f  m u ltip le  fu e l  f i r i n g  in  t h i s  type fu rn ace  i s  m entioned. Ef­
f ic ie n c ie s  a re  given fo r  v a rio u s  ty p es  o f  f u e l .  P u i g ^ )  s ta te d  t h a t  th e  
sp re a d e r -s to k c r  fu rnace  i s  needed s in c e  th e  use o f bagasse a s  a  so u rce  o f  
pulp  and o th e r  v a lu ab le  b y -p ro d u c ts  i s  becoming a  r e a l i t y .  An item  o f 
u tm ost im portance w ith  t h i s  fu rn ace  i s  th a t  th e  fa c to ry  has an id e a l  
method fo r  bu rn ing  bagasse o r o i l ,  o r  bo th  a t  th e  same tim e, w ith  th e  
h ig h e s t p o s s ib le  e f f ic ie n c y ,  and w ith o u t having t ‘o make any a l t e r a t io n s  
in  design^88) .
The e f f ic ie n c ie s  o f  bagasse fu rn aces  vary  w idely , b u t re p re s e n ta ­
t iv e  f ig u re s ,  a s  s ta te d  by D u c e ^ )  a re  g iven h e re . In  th e  s tepped  g ra te  
fu rn ace  where bagasse i s  f i r e d  a t  45^ m o is tu re , th e  e f f ic ie n c y  i s  about
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55/6. I f  the  bagasse i s  baled  and allow ed to  dry  to  12/6 m o istu re , th e  e f ­
f ic ie n c y  i s  in c reased  to  67 or 68/6. I f  an economizer an d /o r  a i r  p re h e a te r  
i s  p rov ided , i t  goes to  75/6. C erta in  s t r u c tu r a l  arrangem ents can b r in g  i t  
up to  80$. This would make i t  p o ss ib le  to  reduce fu e l consumption by 30$, 
le av in g  bagasse a v a i la b le  fo r  o th e r  u se s .
The h ea tin g  value  o f  d ry  bagasse shows g re a t  u n ifo rm ity  throughout 
th e  w o r l d ^ ^ .  Numerous t e s t s  show th a t  m o istu re  f re e  bagasse has a  h ea t­
in g  value  o f between 8300 and 8400 BTlls per pound. A d isc u ss io n , w ith  
recommendations, o f  s ix  d i f f e r e n t  formulae used to  o b ta in  the  h ea tin g
value  o f bagasse i s  given by P erk (95 ). jn  a i a t c r  a r t i c l e ( ^ ) ,  he s ta te s
th a t  when form ulae fo r  the  c a lo r i f i c  value o f bagasse a r e  m entioned, i t  
i s  n o t always c le a r ly  in d ic a te d  whether th ey  r e f e r  to  th e  h ig h er o r th e  
low er c a lo r i f i c  v a lu e s . Moreover, th e  r e s u l t s  o f  some o f  them rep re sen t 
n e i th e r  th e  h ig h er o r  lower v a lu e . The form ulae o f Van dcr H orst a re  
s tro n g ly  recommended.
H.C.V. -  8190 -  18s-8l.9w
L.C.V. = 7650 -  18s-86.4w 
where: H.C.V. equals h ig h er c a lo r i f i c  v a lu e ; i . e . ,  where th e  p roducts o f
combustion a re  coo led  back to  60*F.
L.C.V. ■ Lower c a lo r i f i c  value 
s a S ucrose, $  bagasse 
w * M oisture, $ bagasse 
B asis: H.C.V. o f  d ry  ash  fre e  f ib e r  in  bagasse * 8442
Average Ash co n ten t « 3$
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W i l s o n ^ 2) g iv es  th e  u ltim a te  a n a ly s is  o f bagasse a s  fo llo w s:
Hydrogen, p er c en t 5 to  6
Carbon, p er cen t 45 to  47
Oxygen, p e r  c e n t 45 to  47
N itro g en , p e r cen t 0 .2 5  to  0 .27
Ash, p e r  cen t 1 to  5
C a lo r i f ic  va lue , d ry , 8000 to  8500 BTU/lb.
U ltim ate an a ly ses  from o th e r  s o u r c e s a g r e e  w ell w ith  th e  above. 
Also given by Spencer i s  th e  h e a tin g  v a lu e  o f bagasse a v a i la b le  in  a 
b o i le r  a s  i t  v a r ie s  w ith  per c e n t m o istu re  and p er c e n t excess a i r .  For 
in s ta n c e , w ith  a m o istu re  co n ten t o f  48£, and 50% excess a i r ,  the value 
i s  2928 BTU/lb. o f  bagasse
A c h a r t  fo r  c a lc u la t in g  e q u iv a le n t fu e l v a lu es  and c o s ts  o f  ba­
gasse  in  r e la t io n  to  o th e r  fu e ls  i s  given by C astrock  and L y n c h ^ ^ .
This p lo t  d e a ls  w ith  th e  c a lc u la t io n s  in v o lv in g  u n i t  fu e l  c o s ts ,  r e l a t iv e  
c a l o r i f i c  v a lu es  and b o i le r  e f f ic i e n c ie s .  ' They a lso  s t a t e  th a t  in  
Louisiana bagasse purchases a rc  la r g e ly  made on a b a s is  o f  th e  fo llow ing  
assumed v a lu e s :
1000 cubic f e e t  o f  N a tu ra l Cas equals 1 ,000 ,000  BTUs 
1 b a r r e l  (42 g a llo n s )  fu e l  o i l  equals 6 ,000 ,000  BTUs 
1 ton  bone d ry  bagasse equals 12,000,000 BTUs 
Under c o n d itio n s  p re v a il in g  in  L o u is ian a , one ton  o f  average q u a l i ty  
bagasse has a  f u e l  va lue  equal to  6 ,000 cubic f e e t  o r  1000 BTU p er cubic 
fo o t o f  n a tu r a l  g a s ^ ® ) . 0 ne to n  o f  bagasse under average Cuban c o n d itio n s  
c lo s e ly  approxim ates th e  fu e l  va lue  o f  one b a r r e l  o f  crude o i l  o r 1 /4  ton
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o f  c o a l, u s in g  th e  same f i r in g  c o n d i t i o n s '^ .
A review  o f bagasse fu e l q u a l i ty  tre n d s  and o f  re c e n t b o i le r  e f f i ­
c ien cy  t e s t s  a re  given by M cCullock^®^. The economical combustion o f 
bagasse was s tu d ied  by S h i l l in g to n ^ ® ) . A study  o f th e  burn ing  o f p i th  
in  Formosa was m a d e ^ ^ .  There was no c a rry  over o f  unburned p i th  to  
th e  s tac k  nor ash lodged between the  b o i le r  tu b e s . The burning o f  p i th ,  
a long w ith  whole bagasse, was accom plished. Steam gen era tio n  and furnaces 
in  L ouisiana f a c to r ie s  was reviewed by Low c^5*) an(j A m o ld ^ 3^ ) . U t i l iz a ­
t io n  o f  bagasse a s  a  fu e l i s  d iscu ssed  by G i l g ^ 5®).
(8) Pulp P roduction from Bagasse
Because bagasse i s  a v a i la b le  in  la rg e  q u a n t i t ie s ,  a tremendous
amount o f work has gone in to  th e  study o f i t s  p o ss ib le  u t i l i z a t i o n  as  a
raw m a te r ia l  fo r  th e  production  o f pulp and p ap er. S ta r t in g  about 1838, 
numerous in v e s t ig a to r s ,  some s e r io u s , o th e rs  only  prom oters, have pub­
lish e d  hundreds o f  a r t i c l e s .  A review  o f many o f th ese  i s  given by W c s t^ ^  
and L itk en h o u s(^ ). I t  was about 1938 th a t  su c c e ss fu l commercial a ttem p ts  
began to  m a te r ia liz e  fo r  th e  p roduction  o f pulp  and paper from b ag asse(3 4 ).
A review  o f th e  most se rio u s  work e s ta b lis h e s  a few b a s ic  f a c ts  
about th e  use o f  bagasse a s  a source o f  pulp  and paper(31) ( 9) .
1 . Removal o f  th e  p i th  from bagasse i s  e s s e n t ia l  i f  a  h igh  q u a l i ty  
product i s  d e s ire d .
2. I f  the p i th  i s  removed, th e  f ib e r  i s  an e x c e lle n t  raw m a te r ia l  
fo r  pulp  and p aper.
3 . P i th - f r e e  f ib e r 'c a n  e a s i ly  be converted  in to  pulp  by any o f th e
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o rd in a ry  pu lp ing  p rocesses o r t h e i r  m o d ifica tio n s*
4 . The choice o f  the v a rio u s  p ro cesses  i s  la rg e ly  one o f  econom­
ic s ,  a f a c t  which many e a r ly  in v e s t ig a to r s  d id  n o t f u l ly  reco g n ize .
S ep a ra tio n  o f th e  p i th  and f ib e r  p re se n ts  a  problem. I f  th e  p itht.
c e l l s  a re  l e f t  in  th e  b ag asse , i t  r e s u l t s  in  a  pulp  which i s  d i f f i c u l t  to
b le ac h , and one which w i l l  n o t d ra in  r a p id ly  on th e  paper m achine. The
paper i s  decreased  in  s tre n g th  and becomes s t i f f .  D igestion  o f  th e  p ith
consumes a d d it io n a l  chem icals, y e t  i t  y ie ld s  l i t t l e  p u lp . Many m i l ls ,
f e e l in g  th a t  to  remove th e  p i th  would g r e a t ly  reduce th e  y ie ld s  o f  pulp 
d id  n o t make th e  se p a ra tio n  and a s  a r e s u l t ,  f a i le d  in  th e  a ttem p t to  
make a s a la b le  paper. I n a b i l i t y  to  in su re  a  s te a d y  and s u f f i c i e n t  supply  
o f raw m a te r ia l  and th e  sm all s iz e  o f  the  m il l  u su a lly  was a  c o n tr ib u tin g  
f a c to r  to  i t s  f a i l u r e (3 1 ).
Research work c a r r ie d  o u t by th e  C e llu lo se  Development C orporation  
shows th a t ,  w hile  i t  i s  p o s s ib le  to  make some bagasse papers in  th e  lab o ­
r a to ry ,  and even on some types o f  paper m achines, w ith  l i t t l e  o r  no p i th  
removed, i t  i s  a t  normal p roduction  speeds t h a t  th e  non-rem oval o f p i th  
c re a te s  d i f f i c u l t i e s ,  bo th  in  machine o p e ra tio n  and in  paper q u a l i t y ( m ) .
<4.
Research on th e  u t i l i z a t i o n  o f p i th  has been a c t iv e  fo r  many y ears  and 
co n tin u es (4 i>). However, th e  su c c e ss fu l o p e ra tio n  o f  a  bagasse pulp m il l  
need n o t be t i e d  to  th e  economics o f  a  la rg e  s c a le  p i th  u t i l i z a t i o n ,  s in c e  
p i th  may s t i l l  be burned in  th e  m il l  b o i l e r s ,  even a long  w ith  o th e r
f u e l s ^ ^ H ^ S )  #
On the  fo llow ing  page i s  a graph which shows th e  e f f e c t  of th e  
p i th  co n ten t on pu lp ing  and b leach in g  b ag asse . In  t h i s  graph bagasse was
MO. 3 4 0 .  * 2 0  DIETZGEN G RA PH  PA PER
2 0 X 2 0  PE R  IN C H
E U G EN E DIETZGEN C O . 
M A S* IN  u. 9. a.
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assumed to  have 30$ p i th ,  th e r e fo re ,  30$ removal means com plete removal 
o f th e  p i th ;  10$ means removal o f  1 /3  o f  th e  p i th ,  and 20$ means removal 
o f  2 /3  o f the  p i t h .  This work shows th a t  i f  a  s tro n g  paper i s  to  be made 
from bagasse n e a r ly  a l l  th e  p i th  would have to  be removed, s in c e  the 
s tr e n g th  in c re a se s  r a p id ly  from 1 /3  removal to  com plete rem oval. For in ­
c reased  y ie ld  and decreased  b leach  consum ption, removal o f  on ly  1 /2  o f  
th e  p i th  would be o f  g re a t  b e n e f i t .  T his graph was inc luded  in  an un­
p u b lish ed  memorandum by A tch iso n (I?3) .
V arious p u lp in g  p rocesses a re  d esc rib ed  by A tc h i s o n ^ l ) . Of th e  
b a tch  ty p e  th e  Soda, M arsoni, S u lfa te  o r K ra ft, Sodium M o n o -su lfite  o r  
N eu tra l S u l f i t e ,  Acid S u l f i t e  and Mcchano-Chcmical p ro cesses  a re  d is c u s ­
sed . Of the  con tinuous p ro c e sse s , th e  Huguenot, C eldecor-P om ilio , M orley, 
and Kamyr p ro cesses  a r c  d isc u s se d . There seems to  be disagreem ent a s  to  
w hether o r n o t a con tinuous p rocess  o f f e r s  an o v e ra l l  advantage over a 
sim ple b a tch  p ro c e ss . P rocesses being  used fo r  s traw  pulp  can be used 
on bag asse . The a lk a l in e  p ro cesses  a re  considered  more s u i ta b le  than  
th e  a c id .
There a r e  a  number o f  m i l ls  s c a t te re d  over th e  world which use ba­
g asse  as  a raw m a te r ia l  fo r  pulp or p ap e r. These m i l ls  a re  lo c a te d  in  
c o u n tr ie s  which have low la b o r  c o s ts ,  h igh  t a r i f f  and im port o r  cu rrency  
r e s t r i c t i o n s .  Some o f  th e se  m i l l s  a r e  m entioned by Ducc and T abb^® ). 
Among th e se  a re  th e  W. R . Grace and Company M ill a t  Paramonga, P eru ; the  
Taiwan Pulp  and Paper C orporation  in  Formosa; th e  C ia . de C elu losa  de 
F i l ip in a s  a t  B ais C e n tra l ,  O r ie n ta l  N egros; th e  Rohtas In d u s t r ie s  L td . ,  
D alm ianagar, B ihar P ro v in ce , In d ia ;  F arb ica  de C elu losa  in  Mexico;
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R efinadora P a u l i s ta ,  S .A ., o f  Sao P aulo , B ra z i l j  and S i r  John H u le tt and 
Sons in  F e lix to n , South A fr ic a . A d d itio n a l^ ® )(36) ones a re  ^hc Ebro 
M ill ,  A rg en tin a , th e  C on tainer C orporation  o f America M ill o f C a li , 
Colombia, and V alen tin e  Pulp and Paper Company a t  L ockport, L o u is ia n a ^ * * ) . 
At p re s e n t ,  m i l ls  a re  being considered  in  Egypt, A rgen tina , P uerto  R ico, 
Hawaii, L o u is ian a , Mexico, South A fr ic a , Jam aica, th e  Dominican R epublic , 
Cuba, and o th e r  cane producing a r c a s ( ^ ) .
The N eu tra l S u l f i t e  p rocess g ives h igh y ie ld s  when pu lp ing  a g r ic u l ­
tu r a l  re s id u e s  .and i t  docs n o t re q u ire  a chem ical recovery  system . This 
p rocess  was in v e s t ig a te d  by Aronovsky, e t  a l ,  in  the  pulping o f  wheat 
s tra w (2 8 ). j n a l at c r  paper(2 9 ), he compared th e  Soda, K ra f t, and Mono­
s u l f i t e  pu lp ing  o f  bagasse .
Some o f th e  paper-m aking c h a r a c te r i s t i c s  o f  bagasse a rc  given by 
B o rd e n a re ^ ^ ) . I t  i s  b a s ic a l ly  a sh o r t  f ib e r  which re q u ire s  l i t t l e  c u t­
t in g  tre a tm e n t d u rin g  b e a tin g . The sh ee t which i s  produced w i l l  g e n e ra lly  
be c lo se  and firm , w ith  good form ation and lo o k -th ro u g h , coupled w ith  a 
good Bh an d lew. These q u a l i t i e s  a re  e s p e c ia l ly  good fo r  w r itin g  p ap e rs .
I t  a ls o  has e x c e l le n t  s tre n g th  p ro p e r t ie s .  A d isadvan tage i s  th a t  i t  i s  
l e s s  opaque than some f ib e r s .  I t s  t e a r  f a c to r  i s  low when used fo r  s tro n g  
wrapping and sack p a p e rs . I t  has e x c e lle n t  r i g i d i t y  p ro p e r tie s  which make 
i t  s u i ta b le  fo r  c o rru g a tin g .
The most su c c e ss fu l use  in  the  white range a rc  w ritin g  papers 
(where up to  90# bagasse can be r e a d i ly  used) and c o rru g a tin g  paper in  
the  brown ran g e . For most p r in t in g  p ap ers , i t  i s  d e s ir a b le  to  add r a th e r  
more than  10# o f  o th e r  f ib e r s  to  im part s o f tn e s s .  For sack papers and
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s tro n g  w rappers, long f ib e r s  must be added to  im part te a r in g  s t r e n g t h ^ ) .
Blended w ith  o th e r p u lp s, bagasse pulp has a wide range o f u se s .
As w ith s traw  and e sp a rto , i t  has a lso  c e r ta in  d is t in c t iv e  q u a l i t i e s  which 
make i t  a d e f in i te  a s s e t  a s  a paper-making m a te r ia l in  i t s  own r ig h t ,  and 
no t merely as  a  s u b s t i tu te  fo r  an o th er f ib e r .  For example, th e  sh o rt 
f ib e rs  im part good appearance and s tre n g th  to  f in e  papers, and th e  good 
sheet-fo rm ing  c h a r a c te r is t ic s  a re  made use o f  by mixing bagasse pulp w ith  
wood pu lp , thus reducing th e  amount o f bea tin g  req u ired  fo r th e  w o o d ( 4 5 ) .
The optimum co n d itio n s  fo r  pulp ing  bagasse w il l  depend on i t s  p re­
vious h i s t o r y ( ^ 8 ) # The amount o f chem icals have to  be a d ju s ted  depending 
on th e  l ig n in  co n ten t and the  a c e ty l  co n ten ts  o f the  p a r t ic u la r  bagasse.
A Mechano-Chemical process which was developed by Lathrop and 
Aronovsky fo r  the  pulping of a g r ic u l tu r a l  re s id u e s  does no t re q u ire  p re s ­
su re  d ig e s te rs  and due to  i t s  o th er advantages seems to  show g re a t prom ise. 
A tchison(30)(31) d iscu sses  t h i s  p ro cess . Diagrams o f th e  proposed process 
a rc  in c lu d ed .
W o rk ^ 4 , 125, 126, 127, 128, 129, 130) Formosa has pro­
duced data on th e  pulping o f bagasse by the Calcium S u l f i t e  P rocess, 
A lk alin e-C h lo rin e  P rocess , and Butanol pu lp ing .
I t  should be emphasized th a t  in  a l l  the  work which has been done on 
the  pulping of bagasse, very few c a re fu l  p i lo t  p la n t s tu d ie s  have been 
made on the  sep a ra tio n  o f th e  p i th  from f ib e r .  A thorough study  on a 
p i l o t  p la n t sc a le  o f the  se p a ra tio n  p ro cess , w ith regard  to  c a p a c ity , power 
requ irem ents, and e f f ic ie n c y  of s e p a ra tio n , would be an im portan t c o n t r i ­
bu tion  toward making bagasse a more va luab le  raw m a te r ia l fo r  the  p roduction  
o f pulp and paper.
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(9) B u ild ing  Board
At th e  p re se n t tim e v a rio u s  types o f  b u ild in g  board a re  being 
m anufactured from bagasse . C elo tex  i s  the  name ap p lied  to  th e  product 
m anufactured in  L o u is ian a , Canex i s  a  s im ila r  product being  produced in  
Hawaii and in  A u s tra lia  i t  i s  c a l le d  C an ite . T rin id ad  bagasse i s  shipped 
to  England to  be made in to  C e l o t e x ^  1 ^ ( 4 9 ) # B a s ic a lly , a l l  o f  th ese  
p roducts a rc  th e  same. The C elo tex  C orporation  in  M arrero , L ou isiana, 
was th e  f i r s t  to  s u c c e s s fu lly  m anufacture p roducts from b a g a s s e ^ ) . The 
success o f  th e i r  o p e ra tio n  l i e s  in  th e  high y ie ld s  o f product and t h e i r  
low c o s t  m echanical o p e ra tio n  on th e  b ag asse . A lso, an in h e re n t p ro p erty  
o f  bagasse was employed to  produce a q u a l i ty  product th a t  i s  d i f f i c u l t  to  
produce by o th e r means. An ex ten s iv e  s a le s  promotion program helped .
The process by which the  b u ild in g  boards a re  produced i s  d escribed  
by s e v e ra l a u th o r s ( ^ ) ( ^ ) ( 1 9 ) ( 4 9 ) ( 2 3 )  # The e s s e n t ia l  s te p s  a rc :
(a) P rep a ra tio n  o f  th e  pu lp ;
(b) Form ation and d ry in g  o f  th e  board;
(c )  F in ish in g  p ro cesses .
The minimum s iz e  b u ild in g  board fa c to ry  to  be o p era ted  econom ical­
l y  would be 75,000 square f e e t  ( 1 /2 11 b a s is )  per day. About 22,000 sh o rt 
to n s  o f  bagasse per year would be re q u ire d  fo r  a 100,000 square fo o t per 
day m il l  (30,000,000 square f e e t  p er y e a r ) ^ ) .  Another im portan t p o in t 
i s  the  a v a i l a b i l i t y  o f  w a te r, and th e  in flu e n c e  o f th e  p i th  on w ater con- 
su n p tio n . By p re se n t methods o f  p ro cess in g , fo r  a bagasse board p la n t o f
150,000 square f e e t  p er day o f 1 /2 1 board , 400 g a llo n s  o f  w ater a re  r e ­
q u ire d  p er m inute o r  tw ice  t h i s  q u a n ti ty  i f  i t  i s  n ecessary  to  wash ou t
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p a r t  o f  th e  p i th  and d i r t  to  improve th e  appearance o f  th e  b o a r d ^ 9) .
Waste paper su p p lie s  th e  hydrated  f ib e r s  which a c t  a s  a b in d e r to  
the b ag asse . A board m il l  would need an ample supply  s in c e  abou t 20% 
w aste paper i s  re q u ire d . Bagasse pulp could  p o s s ib ly  re p la c e  t h i s ,  i f  
th e  p i th  i s  rem oved^6) .
I t  i s  re p o r te d , in  1950, th a t  $1 ,500,000 should  cover th e  c o s t  o f  
a 100,000 square  fo o t per day p la n t .  An investm en t o f  $2 ,500,000 would 
cover c o s t  and provide working c a p i ta l^ * * ) .
A continuous method fo r  th e  p roduction  o f  hard  board s im ila r  to  
M asonite i s  d esc rib ed  by A r i c s ^ ) , A s tu d y  o f  C elo tex  was made in  
Taiwan by Hu(129) .
(10) Bagasse P la s t ic s
The o r ig in a l  re se a rc h  on methods fo r  producing p la s tic -m o ld in g  
compounds from l ig n in  c o n ta in in g  a g r i c u l tu r a l  re s id u e s  was done w ith  th e  
u t i l i z a t i o n  o f  corn  s ta lk s  in  m ind^*^ • The economic advantages o f  ba­
gasse  were soon r e a l iz e d  and th e  methods m o d ified . The V alen tine  Sugar 
Company o f L ou isiana was th e  f i r s t  to  e n te r  t h i s  f i e l d ,  a s  th e  V a lite  
C o rp o ra tio n . The f i r s t  p r a c t i c a l  commercial p l a s t i c  m olding compound 
was developed by th e  c o rp o ra tio n  in  1941. S in ce  th a t  tim e t h e i r  r e s in s  
have ach ieved  g re a t  success  in  th e  reco rd in g  in d u s try ,  where i t  has r e ­
p laced  la rg e  q u a n t i t ie s  o f  s h e l la c s ,  p re v io u s ly  used in  m usica l r e c o rd s . 
S ev e ra l r e s in s  o f  bo th  th e  th e rm o -se ttin g  and th e rm o -p la s tic  type a re  
now being  made by the  V a lite  C o r p o r a t i o n ^ * * )  (88) #
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Some im p o rtan t a sp e c ts  o f  bagasse p la s t ic s ^ ® )  must be co n s id e red . 
The c o s t  o f  th e  equipment f o r  a p la n t  would n o t run in to  high f ig u re s ,  
b u t th e  d is ta n c e  from th e  p o te n t ia l  u se rs  i s  o f  utm ost im portance. A 
re se a rc h  la b o ra to ry  would be e s s e n t ia l  to  keep a b r e a s t  o f  such a new 
f i e l d .  Some 34 a r t i c l e s  have been w r i t te n  on th e  su b je c t o f  bagasse 
p l a s t i c s (23) acco rd ing  to  W est. A p a te n t by McElhinney(164) covers the  
b a s ic  p rocess fo r  p roduction  o f  th e  r e s in s  from bag asse . Because o f  th e  
s e c re ts  rev ea led  in  the development o f p l a s t i c  from b ag asse , in  th e  fu tu re  
th e  sugar may be th e  b y -p ro d u c t, and n o t th e  bagasse^®®). In  th e  U nited 
S ta t e s ,  two o u t o f  th re e  reco rd s  in  th e  Jukeboxes come from th e  cane 
f i e l d s .  Even w ith  th e  success  th a t  has been a t ta in e d  in  th e  f i e ld  o f 
p l a s t i c s ,  t h i s  use consumes bagasse from one lo c a l i t y  on ly , which i s  an 
in s ig n i f ic a n t  amount compared to  th e  t o t a l  q u a n ti ty  a v a i la b le .
(11) F u rfu ra l
F u r fu ra l ,  which i s  a ls o  known by th e  names o f  f u r f u r o l ,  f u r o l ,  and 
fu rfu ra ld eh y d e  has th e  fo llow ing  form ula:
CH : CH. CH: C. CHO
I t  i s  a c o lo r le s s  l iq u id  when f r e s h ly  d i s t i l l e d .  I t s  b o il in g  p o in t 
i s  1 6 1 .7*C, m e ltin g  p o in t i s  -38.7*C , and i t  has a s p e c i f ic  g ra v ity  o f
1 .1 5 9 . I t  i s  in f la m m a b le ^ ^ * ) .
F u r fu ra l  i s  p re se n t in  th e  p roducts  o b ta in ed  by d i s t i l l i n g  pen to ­
sa n -c o n ta in in g  m a te r ia ls  such as  bagasse , w ith  m oderately  s tro n g  s u lf u r ic  
a c id ^ ® ) .  The m a te r ia l  has numerous u ses^® ^) (^® ).
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A y ie ld  o f 13.1/S on oven dry  bagasse was re p o rte d  by Won(122). 
C o lle c tin g  th e  p roduct im m ediately a f t e r  th e  p re sc r ib e d  tem pera tu re  (180- 
200#F) o f d ig e s tio n  was reached in s te a d  o f  a f t e r  a d e f in i te  d u ra tio n  seemed 
to  be a l l  im portan t in  o b ta in in g  a high y ie ld .
The conm ercial p ro d u c tio n  o f  f u r f u r a l  was d isc u s s e d ^ ® ) , i t s  f o r ­
m ation and b ehav io r was in v e s t ig a te d  by D u n lo p ^ * ), and th e  k in e t ic s  o f  
form ation and th e  s t a b i l i t y  a re  co n s id e red . The s a c c h a r if ic a t io n  o f  
a g r ic u l tu r a l  re s id u e s  was in v e s t ig a te d  by Dunning and L a t h r o p ( 5 5 ) # The 
y ie ld s  o f  f u r f u ra l  from bagasse was s tu d ie d  by J a g a d i s h ^ ^ ,  who re p o rte d  
low er f ig u re s  than  th o se  g iven  by Won.
One of th e  m ajor uses fo r  f u r f u r a l  i s  th e  m anufacture o f  a d ip o n i-  
t r i l e ,  an in te rm e d ia te  compound used in  the  p roduction  o f  nylon^®®) . A 
p la n t has been co n s tru c ted  in  th e  Dominican Republic to  make f u r f u r a l  fo r  
th i s  p u rp o se^ ® ).
(12) C a t t le  Feed from Bagasse
From th e  chem ical v iew p o in t, bagasse i s  l a r g e ly  carbohydrate  ma­
t e r i a l ,  b u i l t  up o f th e  same chem ical u n i t s ,  fo r  example, a s  a re  g ra in s
such a s  co m  and b a r le y . In  th e  g ra in s  th e  carb o h y d ra tes  e x is t  as s ta r c h ,
bu t in  bagasse th ey  occur as c e l lu lo s e  and r e la te d  compounds. In  th e  a l i ­
m entary t r a c t  o f  a rum inant an im al, th e  c e l lu lo s e  i s  much more r e s i s t a n t  
to  d ig e s tio n  than  i s  s ta r c h .  C a t t le  have very  l i t t l e  p o s s i b i l i t y  o f  d i ­
g e s tin g  c e l lu lo s e  and most o f  th e  m a te r ia l  i s  broken down by m icrobes 
o ccu rrin g  in  th e  d ig e s t iv e  t r a c t  o f  th e  rum inan t(118) .
I t  i s  th e  g e n e ra l concensus from p a s t  s tu d ie s ^ 119) th a t  th e  main
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difficulty to be overcome in the use of rations high in bagasse is  that 
of palatability. in inverse relationship existed between the Mount of 
bagasse in the ration and the amount tbe animals ate. The replacement of 
final molasses by 'B1 grade molasses in the bagassc-molasscs feeds re­
sulted in increased feed intake and gains, but the gains in weight did 
not offset the added feed costs.
The following analysis of bagasse is given by N o r d f c ld t^ l






lionsifted dry 1,25 0,39 43,7 2,51 40,1
Treated with NaOH 0,99 0.28 53,5 2,58 35,6
Rough, Partially decayed 1.53 0,43 46,6 2.48 39,5
Bagasse Pith 0,73 0,31 36,0 2,16 50,8
Wheat Straw 3,30 1,50 37,6 4,20 38.4
Wheat straw is  chemically treated in Germany and some other European 
countries to increase its  digestibility  and nutritional value. I t  was 
thought that the same could be done for bagasse. This approach was 
tried by N o rd fe ld t^^  with a degree of success,
toyman, e t  ai(^0)(l2l)(119) investigated the possibility of using 
molasses and bagasse pith as a feed for swine, dairy heifers, milking cows, 
and beef steers. He stated that the only factor on which there has been 
definite agreement about bagasse in i t s  use as a feed is  that i t  is  an 
excellent molasses carrier, This has permitted as much as 63$ molasses 
to be added to bagasse in feeding tr ia ls ,  Digestion studies indicate that
bagasse has a very low TDK value, 4 method to determine the absorption 
capacities of pith and certain other feed constituents has been established 
by N a f f i ig e r ^ ,  The pith from bagasse was by far the most absorptive of 
any material investigated,
The great in terest in the use of bagasse as a cattle feed has been 
as a potential outlet for the large amount of pith available i f  the ba­
gasse were separated into i t s  pith and fiber fraction, An economic outlet 
for the pith would unquestionably improve the chances for the profitable 
use of bagasse in paper production.
(13) Miscellaneous Uses of Bagasse
There have been many other uses developed for bagasse besides the 
co*on ones discussed, These do not account for any sizeable quantity of 
bagasse,
The manufacture of charcoal or, in general, the destructive dis­
tilla tio n  of bagasse has been investiga ted^), In many sugar producing 
areas the forests have been practically depleted, and the favorite fuel 
for many of the people in these areas is  charcoal, An account of the 
work that was done in Batavia, Java, in 1941, is  given by l l a c r ^ l  I t  
was found that bagasse charcoal was satisfactory when used in the house­
hold but could not be used as a substitute for coke in the lime kilns, 
According to Othmer^), 2000 pounds of bagasse produced 1050 pounds of 
charcoal, 1,2 gallons of crude methanol, and 53 pounds of acetic acid,
In addition, combustible gases could be used for heating, Several refer­
ences on the destructive distillation of bagasse are given by f e t ^ ) .
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and the  use o f  bagasse carbon as  a d ec o lo riz in g  agen t i s  d iscu sse d . De­
c o lo r iz in g  carbon from bagasse was in v e s tig a te d  by S h im id u ^ ^ . The Ind ian  
I n s t i t u t e  o f  Sugar Technology p resen ted  an a r t i c l e  on the  work th ey  have 
done on the  m anufacture o f a c t iv a te d  carbons^*®®)  ^ ^  c h lo r id e  and a
s u lf u r ic  a c id  method a re  m entioned th a t  use b agasse .
Work done in  Hawaii fo r  use o f  bagasse a s  an a g r ic u l tu r a l  mulch i s  
d iscu ssed  by H u m b e r t^ ^ ) . He s ta te d  th a t  in  t h e i r  heavy c la y  s o i l s  15 to  
20 tons o f  bagasse and cane t r a s h  were used per a c r e .  The r e s u l t s  were 
m ost encouraging , p a r t ic u la r ly  s in c e  th e  r a i n f a l l  i s  low and w ater con­
se rv a tio n  i s  o f  utm ost im portance. S ince bagasse has such a h igh carbon- 
n itro g en  r a t i o ,  s ix  pounds o f  n itro g e n  per ton o f  organic m a tte r  were 
ap p lied  to  e lim in a te  n itro g e n  s ta rv a t io n .  This amount i s  s a id  to  s a t i s f y  
th e  requirem ents o f the  m icro-organism s and th e  growing crop .
In  L o u isian a , th e  use o f bagasse as  an anim al l i t t e r  and a g r ic u l ­
tu r a l  mulch has met w ith  some su ccess . S e rv a ll-S ta z d ry  i s  an example o f 
a p o u ltry  l i t t e r  which i s  produced by Godchaux S ugars, I n c o r p o r a t c d ( 1 5 9 ) #
In  p ro cess in g , th e  bagasse i s  fed  in to  a ro ta ry  gas f i r e d  d r ie r .  The high 
tem perature used in  d eh y d ra tin g , explodes th e  c e l l s  in to  a f lu f f y ,  r e s i l ­
i e n t ,  ab so rb en t, l i g h t  co lo red  l i t t e r .  About 80 pounds w il l  cover a 100 
square fo o t a re a ,  3 inches deep . I t  w i l l  a ls o  absorb th re e  tim es i t s  own 
w eight in  m o is tu re . I t  i s  s a id  th a t  s e v e ra l f a c to r ie s  in  L ouisiana and one 
in  F lo rid a  a re  producing l i t t e r  from bagasse^®  . F lo ra te ,  a lso  a Godchaux 
p ro d u c t(l5 4 ) f i s an example o f  an a g r ic u l tu r a l  mulch. I t  i s  processed 
much the  same a s  th e  S e rv a ll-S ta z d ry . I t  i s  produced in  a f in e  and coarse  
g rade . The f in e  grade i s  used fo r  mixing w ith  s o i l ,  making seed beds,
48
mulching lawns* e t c .  The co a rse  grade i s  used fo r  heavy mulching* pack­
ag ing  o f p lan ts*  s to ra g e  o f  p lan ts*  e t c .  I t  should be no ted  th a t  bagasse 
tends to  make s o i l  a c id ,  and th e  a d d itio n  o f  lim e i s  re q u ire d  to  produce 
an a lk a l in e  s o i l .  When bagasse i s  used on growing p lan ts*  n itro g e n  i s  
added* s in c e  i t  i s  an undecayed o rg an ic  m a te r ia l .  Two l e a f l e t s  have been 
pu b lish ed  d e sc rib in g  th e se  p roducts in  more d e t a i l ( - ^ ) ( 1 5 9 )  #
S ev e ra l re fe re n c e s  by S c o tt^ 3-8) d isc u ss  th e  use o f  bagasse a s  a 
compost in  Jam aica. The economics were n o t in v e s t ig a te d .  The f a c t  th a t  
t h i s  was a way to  g e t r id  o f  excess bagasse and d i s t i l l e r y  s lo p s  w ithou t 
running  a fo u l o f  Government re g u la t io n s  was s u f f i c i e n t  in c e n tiv e  to  use 
th i s  method. Bagasse compost s tu d ie s  were made in  Formosa by Y an n ^23) . 
N itrogen  a v a i l a b i l i t y  o f  bagasse compost to  wheat and d ry  land r ic e  i s  
d isc u sse d . He a ls o  s tu d ie d  th e  p h y s ic a l and chem ical changes o f  bagasse 
composts du rin g  decom position .
Some o f  th e  o th e r  u ses fo r  bagasse which have been in v e s t ig a te d  
a r e  th e  p roduction  o f  fu e l  o i l ^ 3^ ) ^ 3)* wood s u g a r s ^ 8) (48) (55)(108 ) f 
g la s s  from bagasse a sh (9) ( 8**), tobacco s u b s t i t u t e ^ 83) ,  lig h tw e ig h t con- 
c r c t e ( 58M 118)* y e a s tU ? ) ,  f i l t e r  a id ( 180) ,  and o i l  w e ll d r i l l i n g  mud.
CHAPTER II
EXPERIMENTAL
A. EVOLUTION OF THE BAGASSE SEPARATION PLANT
In  o rd e r to  produce a q u a l i ty  pulp  and paper from bag asse , sep ara ­
t io n  o f  the  p i th  f r a c t io n ,  o r  ju ic e  b e a rin g  c e l l s ,  i s  o f  prime im portance.
A s tu d y  o f e x is t in g  methods showed them to  be im p ra c tic a l o r  expensive . 
A fte r  s e v e ra l suggested  p ro cesse s  were t r i e d  and proven to  be u n s a t is ­
fa c to ry ,  i t  was decided  to  in v e s t ig a te  th e  p o s s ib i l i ty  o f s e p a ra tin g  p i th  
from bagasse w ith  a la b o ra to ry  s iz e  swing hammer m i l l .
The f i r s t  a tte m p t a t  s e p a ra tio n  u sin g  a swing hammer m il l  was made 
in  November, 1945. A sample o f  f re s h  bagasse was p laced  in  a sm all swing 
hammer m il l  w hile a j e t  o f  w ate r was d ire c te d  in to  th e  m i l l .  The b ea tin g  
a c tio n  o f  th e  m il l  loosened  th e  p i th  p a r t i c l e s  which were ad h erin g  to  the  
f i b e r s .  V/hen t h i s  m a te r ia l  was p laced  in  w ater th e  p i th  f lo a te d  and th e  
f ib e r  sank . A few runs were made on th e  la b o ra to ry  s iz e  swing hammer m il l  
to  determ ine th e  f e a s i b i l i t y  o f  u s in g  th i s  system  fo r  the  se p a ra tio n  o f 
p i th  and f ib e r  from b ag asse . I t  showed such prom ise th a t  a  somewhat la rg e r  
m il l  was designed  a t  L ou isiana  S ta te  U n iv e rs ity  and b u i l t  by a m anufacturer 
o f swing hammer m i l l s .
Connected in  t h i s  new m echanical s e p a ra tio n  system  was a f lo ta t io n  
tan k , which was to  p erm it a con tinuous se p a ra tio n  o f  the  f ib ro u s  from the  
n o n -fib ro u s  m a te r ia l  by f l o t a t i o n .  T his m i l l  minus th e  f lo ta t io n  tank  
was very  s im ila r  to  th a t  shown in  P la te  XXIII.
The bagasse was fed  in  a t  th e  to p  o f t h i s  m i l l  and j e t s  o f  w ater 
were d ire c te d  onto  th e  feed from the s id e  and end o f  th e  m i l l  head. The
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a c tio n  of th e  hammers was to  break up th e  bagasse in to  a f ib e r - p i th  mix­
tu r e .  F ine m a te r ia l  passed through the  screen  lo ca ted  d i r e c t ly  under th e  
swing hammers. The f ib ro u s  m a te ria l was d ischarged  a t  one ond o f th e  m il l  
and dropped in to  the  f lo ta t io n  tan k . Here, a d d it io n a l  se p a ra tio n  took 
p lace  s in ce  th e  p i th  f lo a te d  arid th e  f ib e r  sank. The f ib e rs  were scraped 
from the  bottom by a continuous b e l t  conveyor.
The f i r s t  experim ental work on th is  hammer m i l l - f lo ta t io n  a rran g e ­
ment was conducted du rin g  th e  period  from December 1947 to  March 1948.
This method o f  o p era tio n  provided a continuous means o f m echanical sepa­
r a t io n .  I t  was found th a t  a r e l a t iv e ly  clean  p i th  f ra c tio n  could be 
ob ta in ed  by th i s  system provided th e  f ib e r  f ra c t io n  was recy c led  se v e ra l 
tim es. The r e s u l t s  (from 13 runs) in d ic a te d  th a t  from th e  o r ig in a l  ba­
gasse about 35/6 f ib e r  (d ry  b a s is )  could be ob ta ined  by th i s  method.
A new type m ill head was designed to  improve th e  b ea tin g  a c tio n  on 
th e  b ag asse . This new’ head contained  fo u r w ater j e t s  lo ca ted  a t  the  end 
o f  the m il l  and seven a lo n g  one s id e .  The ap p ara tu s  was much th e  same as 
th a t  in  P la te  XXIII. The s e r ie s  o f  in v e s t ig a t io n s ,  undertaken by Linder(^43) 
in  the  f a l l  o f  1948, showed th a t  f re sh  bagasse gave b e t te r  r e s u l t s .  A fte r 
s tan d in g  sev e ra l days, t te  bagasse would n o t p rocess s a t i s f a c t o r i l y  in  the  
m ill  and th e  r e s u l t in g  m ix tu re , on being  d ischarged , sank to  th e  bottom of 
th e  f lo ta t io n  tan k . A s e r ie s  o f  runs were made on th i s  appara tus to  de­
term ine th e  optimum o p e ra tin g  c o n d itio n s . There was no re cy c le  and only 
one pass o f th e  f ib e r  through the  m i l l .  P a r t  o f  th i s  d a ta  i s  rep o rted  in  
Table X III , and F igu res 14, 15 and 16, and w il l  be d iscu ssed  l a t e r .  A 
s e r ie s  o f t e s t s  u sing  a com bination o f  s t r a ig h t  and tw isted  hammers, was
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then  conducted. The on ly  conclusion  from th is  was th a t  too  many tw is te d  
hammers d id  no t a llo w  th e  f ib e r  enough tim e in  the  m il l  and th e  amount o f 
s e p a ra tio n  was reduced . I t  was found l a t e r  th a t  th e  p a r t ic u la r  hammer a r ­
rangement which i s  used w i l l  g r e a t ly  a f f e c t  th e  maximum feed  r a t e  a t t a in a b le .
On a b a s is  o f  th e  p rev ious in v e s t ig a t io n s  a semi-com m ercial p i l o t  
p la n t  was b u i l t  in  1949 and was ready  two weeks b e fo re  the end o f  th e  1949 
g rin d in g  season . T h is ap p ara tu s  included  th re e  hammer m i l l s ,  two f l o t a ­
t io n  ta n k s , and a p i th  and f ib e r  s t r a in e r  tan k . The p i th  from each m il l  
was combined in  the  p i th  s t r a in e r  tank b u t a l l  th e  f ib e r  passed through 
each o f  the  th re e  m il ls  being d isch arg ed  in to  f lo t a t io n  tan k s  a f t e r  th e  
f i r s t  and a f t e r  the  second m il l  to  a id  in  th e  s e p a ra tio n . On le a v in g  th e  
th i r d  m il l  the f ib e r  was d ischarged  in to  a f ib e r  s t r a in e r  ta n k . S e v e ra l 
runs were made on th i s  ap p ara tu s  b efo re  th e  end o f  th e  1949 season . I t  
was concluded th a t  th e  p la n t should o p e ra te  du ring  th e  g r in d in g  season 
to  p rocess  f re sh  b ag asse , th e  o p e ra tio n  should  be run a t  maximum c a p a c ity  
fo r  long p e rio d s  o f tim e , and th e  a d d it io n  o f  the  f lo ta t io n  tanks to  th e  
sim ple m ill in g  p ro cess  was no t n ecessary  to  e f f e c t  th e  d e s ire d  s e p a ra tio n .
The P i lo t  P la n t was then m odified in to  a more compact u n i t  w ith  no f lo ­
ta t io n  ta n k s . With t h i s  m o d if ic a tio n , th e  p la n t  took e s s e n t ia l ly  th e  form 
in  which i t  e x i s t s  today  (F igu re  V, P la te s  IV, V, VI, V II, V III and IX ).
This new p i l o t  p la n t was ready  a t  th e  beginning  o f  th e  1950 g r in d ­
in g  season . V arious washing procedures u s in g  h o t and co ld  w ater o r  steam 
o r a com bination o f th e se  on a l l  th re e  m il ls  were used . I t  was found th a t  
th e  f ib e r  f r a c t io n  o b ta in ed  from th i s  ap p ara tu s  was on ly  about 32 per c e n t 
o f  th e  o r ig in a l  fe e d . T his work showed th a t  a  much s im p ler ap p ara tu s  than
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used in  p rev io u s  seasons cou ld  s e p a ra te  bagasse in to  i t s  p i th  and f ib e r  
f r a c t io n  on a continuous b a s is .  However, th e  y ie ld  o f  f ib e r  was s t i l l  
d isa p p o in tin g ly  low.
In  the  F a l l  o f  1951 s e v e ra l p ie ce s  o f  equipment were added to  th e  
a p p a ra tu s . A feed room was b u i l t  and a bucket e le v a to r  (F ig u re  5, P la te  
XIX) added so th a t  a  more even flow r a t e  o f  bagasse to  th e  S ep a ra tio n  
P la n t could be m ain ta in ed . S ince  bagasse could  be s to re d  and weighed in  
the  feed  room, th e  cane m il ls  d id  n o t have to  be o p e ra tin g  in  o rd e r  to  
have bagasse a v a ila b le  a t  a conven ien t tim e fo r  p ro cess in g  in  th e  S epara­
t io n  P la n t .  A p i th  and f ib e r  product s c r o l l  was a ls o  added to  c a r ry  th e  
p roducts o u ts id e  the  b u ild in g . The y ie ld  o f f ib e r  was r a is e d  to  about 45 
per c e n t o f  th e  o r ig in a l  fe e d . D if f ic u l ty  was s t i l l  experienced  in  ob­
ta in in g  a h igh  feed r a t e .  The screw conveyor was n o t a  s a t i s f a c to r y  means 
f o r  h and ling  th e  f ib e r  p ro d u c t. The f ib e r  tended to  b a l l  up and vredge 
under the screw . D if f ic u l ty  was a ls o  had a t  th e  hanger s t r a p s .  Bagasse 
clogged th e  sc reen s  in  each o f  the  m i l l s ,  th e reb y  reducing  th e  s e p a ra tio n  
and a f f e c t in g  the r e s u l t s  fo r  th e  p ercen tag e  s e p a ra tio n . W ater was in ­
je c te d  in to  a l l  th re e  m il ls  du rin g  t h i s  seaso n .
In  th e  F a l l  o f  1952 a  product f ib e r  tank  was added (F ig u re  5, P la te  
XXI) so th a t  th e  f ib e r  could  be chem ically  t r e a te d  and th e  d i f f i c u l t y  w ith  
th e  f ib e r  p ro d u c t s c r o l l  e lim in a te d . I t  was d u rin g  th i s  g r in d in g  season 
th a t  th e  a u th o r began work on th e  Bagasse S ep ara tio n  P la n t .
There was co n s id e rab le  d i f f i c u l t y  in  m a in ta in in g  a s te a d y  flow  o f 
w ater to  th e  m il ls  due to  th e  w ater j e t s  and w ater l in e s  becoming plugged 
w ith  p i t h .  The sc reen  in  th e  p i th  s t r a i n e r  tan k s  was to o  co a rse  (0 .050 
inch  h o le s )  and p e rm itted  a  la rg e  amount o f  m a te r ia l  to  pass th rough  in to
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the  w ate r which was r e c i r c u la te d  to  th e  m i l l s .  (One o f  th e  th re e  r e c i r ­
c u la t io n  pumps i s  showi in  P la te  X I.)  Use o f  h o t w ater on th e  m i l ls  a id ed  
s l i g h t l y  in  the  s e p a ra t io n . B e tte r  p ro cess in g  was o b ta in ed  w ith  f re s h  
b ag asse . The bucket e le v a to r  was found to  l im i t  th e  h ig h e s t flow  r a te  o f  
bagasse to  about 2500 pounds o f  wet bagasse per hour.
For th e  o p e ra tio n  in  th e  F a l l  o f  1953, a sm a lle r  screen  s iz e  was used
on the  f ib e r  and p i th  s t r a in e r  ta n k s . F i l t e r s  were p laced  in  the  w ater 
l in e s  to  each o f  the  m il ls  in  an a tte m p t to  m ain ta in  a c o n s ta n t c i r c u la ­
t io n  r a t e .  These plugged q u ick ly  and had to  be removed. I t  was then
decided  to  i n j e c t  w ater in to  th e  m il ls  from the c i t y  w ater l i n e  and d i s ­
charge i t  d i r e c t ly  to  th e  sewer from th e  s t r a i n e r  tan k s  (November 4 , 1953). 
This a id ed  trem endously in  m a in ta in in g  s tead y  s t a t e  co n d itio n s  in  th e  
a p p a ra tu s . For th e  f i r s t  tim e , in fo rm atio n  was ob ta in ed  on th e  amount o f 
w ate r going to  th e  m i l l s .  Before t h i s ,  on ly  th e  makeup w ater was measured 
and n o t th e  flow  to  th e  m i l l s .  A p i th  d isch a rg e  chu te  was i n s t a l l e d  on 
the  No. 1 m il l  (D, o f  F igu re  5) so t h a t  th e  p i th  coming from t h i s  m i l l  
cou ld  be weighed s e p a ra te ly .  I t  was found th a t  a  la rg e  q u a n ti ty  o f  p i th  
was being  removed by t h i s  f i r s t  m i l l  and th a t  th e  q u a l i ty  o f  th e  f ib e r  
p roduct from th e  No. 3 m i l l  was n o t a f f e c te d  by running th e  No. 1 m il l  
d ry . Water was s t i l l  used on th e  No. 2 and No. 3 m i l l s .  Some se p a ra tio n s  
were made w ithou t th e  use o f  w a te r, and some w ith  a com bination o f  steam  
and w ater (Table I I  and Table X V II). Power consumption o f  in d iv id u a l  m il ls  
were determ ined under no lo a d , bagasse fee d , bagasse feed  p lus steam  in ­
j e c t io n ,  and bagasse feed  p lu s  w ater in je c t io n  (T able I I I )  c o n d it io n s .
The guard b a rs  on th e  bagasse chute to  th e  bucket e le v a to r  were removed
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to obtain higher feed rates to the unit. The highest rate obtained dur­
ing this season for sustained periods was over 4000 pounds of wet bagasse 
per hour. The analyses of the fiber for desirables and undesirables were 
made during this season's operation (Table XVII),
Samples of bagasse and dry separated and wet separated fiber were 
sent to the International Paper Company for evaluation (Table XVIII),
In the Spring of 1954, pulping experiments vere carried out on dry 
and vet separated fiber, to determine the significant variables, This 
vas organised so that a s ta tis tic a l .analysis of the data could be made 
(Tables XX, XXI, XXII, and XXIII, and Figure 22), Several determinations 
vere also made on the previous season's runs for ash in the feed, pith and 
fiber, Particle site  deterainations vere made only on the fiber,
In the Sumner of 1954, when the lids vere removed from the mills of 
The Separation Plant, several facts of importance vere noted, H ill No, 1 
(Plate IV) had only one twisted hammer per rov, vhich vas on the discharge 
end, This mill had been rotating so that the tvisted hammer vould tend 
to hold bagasse in the mill, Referring to Plate IV, the top of the mill 
vas moving away from the observer and the bagasse fed across the top of 
the haaners from right to le f t ,  For Hill No, 2 (Plate VI) the bagasse 
fed from le f t  to right and the top of the mill turned tovard the observer, 
Again the 4 tvisted hammers on the discharge end tended to hold the bagasse 
in the mill, The No, 3 mill (Plate VIII) had 4 tvisted hammers per rov but 
in this case the mill rotated so that the top of the mill moved away from 
the observer, vhich aided the flov of bagasse from right to le f t  through 
the mill, During the 1954 season, when the instantaneous power recorder
vas put on the No, 3 mill, i t  vas accidentally connected so that the di­
rection of rotation vas such that the top of the mill moved tovard the 
observer in Plate VIII, When this vas done, the mill choked down com­
pletely, I t  vas observed during this inspection that the No, 1 mill had 
a 1/4 inch screen under the hammers and that Hills 2 and 3 each had a 
1/8 inch screen under the haaners,
For the 1954 season, the direction of rotation of the No, 1 and 
No, 2 mills vas changed so that the tvisted hammers aided the flov of 
bagasse through the mills, I t  vas decided to investigate the effect of 
various screen sites, two and three mill operation, and the number of 
mills to vhich water vas applied, A by-pass chute (Plate IX, E of Figure 
5) vas installed so that i t  could take the fiber from the No, 2 mill and 
discharge i t  into the fiber strainer tank, For the f irs t time, the various 
runs to be made during the season vere detemined beforehand, and the 
student groups vere oriented on the conditions to be investigated, Even 
though the lid  of each mill had to be removed several times to change the 
screens, more reliable runs vere made during this grinding season than 
during any previous one,
On several occasions the Separation Plant vas operated continuously 
for 5 to 6 hour periods to produce fiber for large scale drying experiments, 
Because of the indications from ash analyses made the previous year, i t  
vas decided to run ash determinations on a l l  the runs during this season 
(Figures 10, 11 and 12, and Tables V, VI, VII, VIII and IX), The per cent 
solids and the per cent mud in the drain vater from the plant vere checked 
(Figures 17 and 19, and Table XIV), The densities of the fiber and pith
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under v a rio u s  com pressive loads were determ ined (F igure  20, Table XVI). 
A nalyses o f th e  p a r t i c le  s iz e  o f th e  f ib e r  were made (F igu re  19, Table XV). 
The power o f  each in d iv id u a l m ill was recorded  again  (Table I I I ) . The 
w ater m eter was c a l ib r a te d .  B ales o f f ib e r  were s e n t to  th e  C elo tex  Cor­
p o ra tio n  fo r  ev a lu a tio n  (Table XIX).
A problem which was viewed concurren t w ith th e  development o f  the  
Bagasse S ep ara tio n  P la n t was th e  s to r in g  and handling  o f  the  bagasse and 
f ib c r ( 6 8 ) . i t  was concluded th a t  i f  bagasse could be d r ie d  by blowing 
unheated a i r  through i t  in  bulk form, th e  b a lin g  o p era tio n  m ight be elim ­
in a te d , th ereb y  g r e a t ly  reducing  th e  u ltim a te  c o s t o f  bagasse o r f ib e r  a s  
a raw m a te r ia l .  In  th e  f a l l  o f  1953, a d ry ing  tower (F igu re  6) was b u i l t  
and p ressu re  drop and d ry ing  d a ta  fo r  a i r  blowing through a column o f  ba­
gasse  were c o lle c te d  (F ig u re  21, Page 139). S ev era l columns were designed 
fo r  experim ents on a l a r g e r  s c a le .  In  th e  f a l l  o f 1954 an 8' x 1 0 ' x  12 ' 
room was used fo r  d ry ing  experim ents s im ila r  to  those  using  th e  d ry ing  
tow er in  F igure 6 . These d a ta  a re  rep o rted  in  R eference 138.
B. APPARATUS
(1) Bagasse S ep ara tio n  P lan t
(a) Bucket E lev a to r (P la te  XIX)
This i s  s im ila r  to  th e  Link B e lt Type 7, continuous type 
bucket e le v a to r .  The buckets a re  a V shape, 8 inches long , 6 -1 /4  inches 
w ide, 5 -1 /4  inches deep. The e le v a to r  i s  30 f e e t  high and i s  d riven  by 
a 1 -1 /2  horsepower m otor.
(b) Main Feeder S c ro ll  (P la te  XVI and F igure 5)
This i s  o f  the continuous screw  ty p e . I t  i s  a 12 inch  screw 
w ith  a p itc h  o f 11.5 inches and i s  chain  d riv en  by a th re e  horsepower,
56 r .p .m . gear m otor. The conveyor tu rn s  a t  65 r .p .m . and has a l in e a r  
speed of about 62 f t . /m in .
(c) Feed S c ro lls
The feed er to  each m ill  i s  a s h o r t  se c tio n  (18 inches) o f  an 
8 inch  screw conveyor w ith  a p itc h  o f 9 in c h e s . The feed ers  to  the  No. 1 
and No. 3 m il ls  a re  chain  d riv en  by th re e  horsepower g ea r m otors and th e  
fe e d e r  to  th e  No. 2 m ill  by a 2 horsepower gear m otor. The No. 1 and No.
2 feed e rs  tu rn  a t  80 r .p .m . and th e  No, 3 feed er a t  68 r .p .m .
(d) Hammer M ills  (P la te s  IV, V, VI, V II, V III and IX)
Each o f  th e se  m il ls  i s  o f  th e  swing hammer type w ith se v e ra l
s p e c ia l fe a tu re s  o f  c o n s tru c tio n . Of most im portance i s  th e  la rg e  space 
above the  hammers. T his co n s tru c tio n  a llow s th e  bagasse to  be fed ac ro ss
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th e  top  o f th e  hammers and d isch a rg e  w ith o u t th e  whole mass being re q u ire d  
to  go through the screen  lo c a te d  d i r e c t ly  under th e  hammers. Only the  
sm all p a r t i c le s  ja r r e d  lo o se  from the bagasse  pass through th e  sc ree n .
These p a r t i c le s  c o n s is t  la r g e ly  o f  p i th  and d i r t  w ith  very  l i t t l e  f ib e r .
I t  i s  p o ss ib le  to  p lace  39 s t r a ig h t  hammers in  each row on th e  ro to r  o f 
the  m i l l .  I t  can be no ted  th a t  s e v e ra l o f  th e  swing hammers have been 
tw is te d  to  a id  th e  flow o f bagasse through th e  m i l l .  These a llow  h igher 
feed  r a te s  b u t a re  n o t e s s e n t i a l .  M ills  No. 1 and 2 have one tw is ted  
and 37 s t r a ig h t  hammers per row; M ill No. 3 has fo u r tw is te d  and 28 o r 
29 s t r a ig h t  hammers per row. The d iam eter o f  th e  r o to r ,  to  th e  hammer 
t i p s ,  i s  17 .5  in c h e s . M ills  No. 1 and No. 2 tu rn  a t  860 r .p .m .j  M ill 
No. 3 tu rn s  a t  1260 r .p .m . The No. 1 m ill  i s  d riv en  by a 25 horsepower 
m otor, the  No. 2 by a 20 horsepower m otor, and th e  No. 3 by a 15 h o rse ­
power m otor. The t ip s  o f th e  hammers o f th e  No. 1 and No. 2 m il ls  t r a v e l  
a t  3940 f t . /m in .  and th e  No. 3 m il l  a t  5770 f t . /m in .
(e) P ith  and F ib e r  S t r a in e r  Tanks (P la te  XX and XXII)
These tan k s  a re  e s s e n t ia l ly  s l a t  conveyors, th e  on ly  d if fe re n c e  
be ing  th a t  th ey  have a p e rfo ra te d  screen  (0 .032  inch  h o le s )  on which th e  
s l a t s  r id e .  The purpose o f  th e se  tan k s  i s  to  a llo w  tim e fo r  excess w ater 
to  d ra in  from th e  f ib e r  and p i th  when w ate r i s  used on any o f  th e  m i l l s .
The s l a t s  in  both tan k s  a re  d riv en  by th e  same 3 horsepow er, 56 r .p .m . g ear 
m otor a t  a l i n e a r  speed o f 140 f e e t  p e r m inute.
( f )  F ib e r P roduct Tank and P i th  D ischarge S c r o l l  (P la te  XXI)
The f ib e r  p roduct tan k  i s  a s l a t  type conveyor, d riv en  by a
3 horsepow er, 56 r .p .m . g ear m otor a t  a l in e a r  speed o f  about 5 f t . /m in .
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T his tank  i s  deep enough to  t r e a t  th e  f ib e r  from th e  s e p a ra to r  w ith  p re ­
s e rv a t iv e s ,  r in s e  i t  w ith  w a te r , e t c .  I t  d isch a rg es  th e  p ro d u c t o u ts id e
th e  b u ild in g .
The p i th  d isch a rg e  s c r o l l  i s  a 12 inch  con tinuous screw ty p e  con­
veyor w ith  a  p i tc h  o f  13 in ch es  and i s  d riv en  d i r e c t ly  by a  65 RPM, 3 
horsepower gear m otor. The purpose f o r  t h i s  s c r o l l  i s  to  d isch a rg e  th e  
p i th  o u ts id e  th e  b u ild in g  onto  a d ra in in g  sc reen  (0 .050 inch  h o le s ) ,
(2 ) The Sm all H aracr M ill ( P la te s  X X III, XXIV and XXV)
The sm all hammer m i l l  i s  a s e p a ra te  u n i t  from the  p re v io u s ly  d i s ­
cussed  m i l l s .  I t  has 12 s t r a ig h t  o r  tw is te d  hammers p er row and i s  provided
w ith  a 1 /4  inch s c re e n . The d iam eter o f  th e  r o to r ,  to  th e  haoner t i p s  i s
1 3 -1 /2  in c h e s . This r o to r  tu rn s  1700 RPM and i s  b e l t  d riv en  by a th re e
horsepow er, 1160 RPM m otor.
The feed  to  t h i s  m i l l  e n te r s  from th e  top  a t  one end and d isc h a rg es
on th e  o p p o site  end. This m i l l  has a  s lo p in g  head and does n o t have a  dam
n e x t to  the  r o to r  on th e  d isch a rg e  end a s  do th e  l a r g e r  m i l l s ,  p re v io u s ly  
m entioned.
(3 )  R o tary  D ig e s te r  ( P la te  XXVI)
This d ig e s te r  c o n s is ts  o f  a  s t a in le s s  s t e e l ,  c y l in d r ic a l  c o n ta in e r  
mounted on b ea rin g s  so t h a t  i t  can be ro ta te d  and h ea te d . A 1 /8  h o rse ­
power, 1725 RPM m otor i s  geared  down so th a t  th e  c o n ta in e r  tu rn s  abont 
100 RPM. The c o n ta in e r  i s  h ea ted  by th re e  s tan d a rd  bunsen b u rners  
mounted on a m an ifo ld . The in s id e  d iam eter o f  th e  v e s s e l  i s  6 -1 /1 6  in ch e s ;
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the  depth i s  11 in ch es . The w all th ic k n e ss  i s  1 /4  in ch  and the  flange 
and top a re  1 /2  inch  th ic k . A Weston thermometer i s  lo c a te d  in  the  top 
to  in d ic a te  th e  o p e ra tin g  tem pera tu re . A need le  valve in  the top  i s  used 
fo r  v en tin g  the  non-condcnsables and reducing  the  p ressu re  a t  the end o f 
a cooking c y c le .
(4) Drying Tower (F igure  6)
The dry ing  tower i s  co n s tru c ted  from a p iece  o f  5 .5  inch  i . d .  g la s s  
p ip e , f iv e  f e e t  h ig h . An o r i f i c e  o f 1 /8  inch  d iam eter and a mercury man­
ometer i s  mounted in  th e  a i r  l in e  to  determ ine the flow  r a te  o f a i r .  A 
w ater manometer i s  mounted in  th e  base fo r  determ ining  p re ssu re  drop through 
the tow er. A sm all p iece  o f screen  w ith  0.050 inch h o les  i s  a t  th e  bottom 
o f the  g la ss  p ipe to  p reven t th e  f ib ro u s  m a te r ia ls  from f a l l in g  in to  the 
a i r  chamber.
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F igure No. 6
Bagasse Drying Tower 
Chemical Eng* Department 
L ou isiana S ta te  U n iv e rs ity  
Drawn by* R. M. Hansen 
D ate: Feb. 20, 1 9 #
C. OPERATION OF THE BAGASSE SEPARATION PLANT
The bagasse used in  the separation unit was obtained fro* the m ill  
in  the Audubon Sugar Factory. From Figure 4 , one nay see that the sugar 
cane f i r s t  passes through two se ts  o f rotating knives to  reduce i t s  bulk* 
I t  then passes through a tw o-roller crusher and 3 th ree -ro ller  m ills .
From the la s t  m ill  the bagasse f a l l s  in to  a s la t  conveyor. This con­
veyor can e ith er  deliver  the bagasse d ir e c tly  to the bagasse separation  
u n it or to  a storage room.
For a l l  the t e s t  runs the bagasse was delivered to  the storage roost 
so that i t  oould be weighed on a platform sc a le , and a c lo ser  control kept 
on the feed rate to the separator. Here, too , samples were taken for  
analyses. The sca le  used for weighing the bagasse was calibrated  a t the  
beg in n in g  o f  each grinding season and a lso  spot checked before each run. 
Bagasse produced during the morning was used that same afternoon in  the 
Bagasse Separation P lant.
While the bagasse was being weighed, a thorough check was made o f  
the apparatus to  see that no bagasse had accumulated a t any point from the 
previous run, and that a l l  o f  the equipment was in running order. Sample 
containers were prepared, data sheets marked, and f in a l instructions given  
to a l l  personnel.
One person and a helper were required to feed the bagasse into  the 
bucket elevator from the storage room. This was an important position  
sin ce  a constant feed rate  had to be maintained, and a c lo se  watch kept
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to  p rev en t th e  bucket e le v a to r  feed chute from becoming choked. Some d i f ­
f i c u l t y  was experienced  on bo th  o f  th e se  p o in ts .  One person vas re q u ire d  
to  watch th e  d isch a rg e  o f th e  bucket e le v a to r ,  the  main feed e r s c r o l l ,  the  
feed er s c r o l l  to  th e  No. 1 m i l l ,  th e  f ib e r  c h u te s , and to  s ig n a l th e  
o p e ra to r  on th e  f i r s t  f lo o r  to  shu t down in  case  o f  d i f f i c u l t y .  Some 
tro u b le  vas experienced  w ith  th e  bagasse accum ulating a t  th e  v a rio u s  p o in ts  
m entioned. I f  the  bagasse vas v e i l  d is in te g ra te d ,  very  few stoppages were 
encoun tered . When o p e ra tin g  a t  th e  extreme c a p a c ity  o f  the a p p a ra tu s , one 
had to  be e s p e c ia lly  v ig i l a n t  a t  th e  p o s it io n  on top o f the  ap p a ra tu s .
One person vas re q u ire d  a t  th e  p i th  chu te  o f  th e  No. 1 m il l  on th e  ground 
f lo o r  to  ca tch  th i s  f in e  m a te r ia l  in  a wheel barrow fo r  w eighing. When 
only  two m il ls  vere  used , one person vas s ta tio n e d  a t  th e  f ib e r  by-pass 
chu te  and one o th e r  person vas needed on th e  ground f lo o r  to  be n ea r th e  
c o n tro l p a n e l. He a ls o  helped  the  man c o l le c t in g  th e  p i th ;  watched th e  
w ater r a t e ,  th e  f ib e r  p roduct and p i th  coming from th e  a p p a ra tu s ; c o lle c te d  
d a ta ;  and took samples when n e ce ssa ry . One person vas needed in  the lab o ­
ra to ry  to  do th e  a n a ly t ic a l  work. Depending on the  type o f ru n , from f iv e  
to  seven persons were needed fo r  th e  o p e ra tio n .
With th e  group in  t h e i r  re sp e c tiv e  p o s it io n s ,  th e  p la n t  vas s t a r t e d .  
T his vas done by s ta r t i n g  th e  l a s t  p ie c e  o f equipment in  the  u n i t  f i r s t ,  
so th a t  i f  any bagasse had remained in  th e  m il ls  from th e  p rev ious ru n , i t  
would n o t accum ulate a t  one p o in t b e fo re  th e  fo llow ing  ap p ara tu s  could be 
s ta r te d  (C on tro l P an e l, P la te  X ).
The fo llow ing  o rd e r vas used fo r  s ta r t in g :
1 . F ib e r Product Tank
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2. Pith Discharge Scroll
3. Pith and Fiber Strainer Tanks
4. No. 3 Hamer H ill
5. No. 3 Feeder Scroll
6 . No. 2 Hamer M ill
7. No. 2 Feeder Scro ll
8 . No. 1 Hamer M ill
9. No. 1 Feeder Scroll
10. Main Feeder Scroll
11. Bucket Elevator
As soon as everything was running, the signal was given to start  
feeding the bucket elevator. At th is  moment, the water was turned on, 
i f  required; the water neter reading, the time, and the KWH meter reading 
were recorded. The str ip  chart recorder for individual m ill power demand 
was started.
From the bucket elevator, the bagasse was discharged into the main 
feeder scro ll (Refer to Figure 5 ). The scro ll could a lso  accept bagasse 
d irectly  from the bagasse conveyor. From the main feeder sc r o ll, the ba­
gasse dropped into the No. 1 feeder sc r o ll, and passed from there into  the 
No. 1 h&mer m ill. The bagasse fed across the top o f the hammers in  th is  
m ill, being combed by them as i t  progressed. The small p ith  p artic les , 
d ir t , and a small amount o f fiber passed through the screen in th is  m ill 
and vere co llected  in  wheelbarrows on the ground floor for weighing. Water 
was seldom used in th is  m ill. When the fib er  reached the end of th is  m ill, 
i t  dropped into the No. 2 feeder scro ll vhich fed i t  into the No. 2 m ill.
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Here again  the bagasse was sub jec ted  to  the  combing ac tio n  o f the haimers 
and th e  loosened p i th  p a r t ic le s  passed through the screen d i r e c t ly  under 
the hamners and in to  the  p i th  s tr a in e r - ta n k .  Water was in je c te d  in to  th is  
m ill  on some ru n s. O ccasionally  the  f ib e r  was d ischarged d i r e c t ly  from 
th is  m ill  to  the f ib e r  s tra in e r - ta n k  w ithout going through the th ird  m il l .  
I f  the th i rd  m ill  were used, the  f ib e r  dropped in to  the No. 3 feeder s c ro l l  
and then passed in to  th e  No. 3 m i l l .  The p ith  from th is  m ill  a lso  dropped 
in to  the p i th  s t r a in e r  tank and th e  f ib e r  was d ischarged in to  the f ib e r  
s tr a in e r - ta n k . Water vas o ccasio n a lly  used on the No. 3 m i l l .  In  the 
s tr a in e r - ta n k s ,  th e  excess w ater was drained  from the  p ith  and f ib e r  as 
they were conveyed to  th e  p i th  d ischarge s c r o l l  and f ib e r  product tank . 
Samples o f th is  d ra in  w ater were taken during th e  run. In  th e  d ischarge 
s c r o l l  and the product tank , the p ith  and f ib e r  were c a rr ie d  o u tsid e  the 
bu ild ing  and d ischarged in  p i l e s .  From th ese  p i le s  period ic  samples were 
taken fo r an a ly ses. When a l l  the  bagasse had been fed to  the  bucket e leva­
to r ,  a s ig n a l was g iven . Then as  the  l a s t  o f th e  f ib e r  emerged from the 
s tr a in e r - ta n k s ,  the  w ater m eter read ing , th e  tim e, and the KWH reading were 
taken . The apparatus was stopped in  th e  rev e rse  order from which i t  was 
s ta r te d .
0 . PROCEDWS FOR PULPING
The fiber samples used in the pulping experiments vere stored for 
about three Booths froa the t ia e  they vere produced. To get a homogeneous 
■oisture content, both the dry and vet separated fiber bales vere broken 
up, thoroughly nixed, and then placed in large galvanized cans. After 
several days i t  vas found that the aoisture content reaained fa ir ly  con­
stant at about 20%, The pulping m s  vere then started.
Iaaediately before a run, the moisture content on a 50 gram sample 
of fiber vas determined. (Apparatus a t right o f Plate XIV.) The momt 
necessary to obtain 200 grams of dry fiber vas then charged into the d i­
gester (P late XXVI). The amount o f vater needed, le s s  that charged with 
the fib er, to obtain the proper vater/fiber ratio  vas then determined.
When the proper quantity o f sodium su lf ite  and sodium carbonate had been 
dissolved in the vater, i t  vas added to the d igester. The top vas then 
bolted on, the digester placed in  the turning j ig ,  and the bunsen burners 
ligh ted . When a temperature o f 250*F vas reached, the flames were reduced 
and erne end o f a hose attached to  the needle valve in the top, the other 
end vas immrsed in  about 500 ml of vater in  a 1000 ml graduate. The 
valve vas then opened and the non-condensable* allowed to blow o f f . I t  
vas found that when 30 ml o f steam had been condensed practically  a l l  the 
nom-condensables were out o f the d igester. The valve was then closed and 
the v esse l brought up to  operating temperature as rapidly as possib le . The
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resse l could be raised from room temperature to operating temperature in 
about 40 minutes. After the prescribed period of digestion a t the proper 
tenperature, the vessel was stopped, the valve opened, and vater sprayed 
on i t  in order to reduce the temperature (Typical Temperature versus Time 
Curve, Figure 22). The top vas removed and the pulp rinsed (Plate XXVII)• 
I t  was placed in a cloth sack which was tied  over a water spigot and sus­
pended in  a bucket o f water. After rinsing in  th is position over night, 
the pulp was placed on aluainum f o i l  and l e f t  to  dry for several days. I t  
vas then placed in sta in less  s te e l beakers and covered with two layers of 
f o i l  to obtain an even distribution of moisture. After several days, 
samples o f pulp were taken, moisture analyses run, and the y ie ld  calculated  
on the basis of the dry fiber charged.
The Permanganate Numbers reported in Table XXI were run according 
to Tappi Standard T 214 m-50 (Reference 140).
E. ANALYSES
The following analyses were made on the bagasse, fiber and pith:
(1) Moisture in Bagasse
For noistures in the range o f  50 per cen t, a sample o f 100 grams 
was used; for moistures o f  the wet fib er  and p ith  in  the range o f 80£, 
a sample of 200 grams was used. They were dried in  a D ietert E lectric  
Moisture T eller  (P late XIII) in  which the a ir  passed over e le c tr ic  heat­
ers and through the bagasse. The maximum drying time that could be se t  
autom atically was 15 minutes. The 50£ moisture samples were dried for  
30 minutes and the wetter samples were dried for 45 minutes a t about 
110*C. No change in  weight could be detected by drying the samples for  
a longer period o f time.
(2) Sucrose in Bagasse
A Spencer (P late H I  and XV) d igester  and saccharimeter were used 
in  th is  determination (Figure 194 of Reference 17 ). A deta iled  discussion  
o f  the procedure i s  given on page 568 o f th is  reference.
(3) Soluble Solids in  Bagasse
Two methods were used for th is  determination.
The f i r s t  method was that of running hot water over a weighed sample 
o f  bagasse in  a 100 mesh s iev e . After 30 minutes the fiber was dried and 
weighed and the per cent solubles plus moisture calcu lated .
The second method was to  use the sample o f bagasse from the deter­
mination o f the sucrose. The bagasse vas drained and one l i t e r  o f d is t i l le d
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water added. I t  vas again digested for 30 minutes. After th is , the fiber  
vas poured into a 100 mesh s iev e , allowed to drain, and then dried in an 
oven over night a t  I10aC. The lo s s  in  weight o f the bagasse vas assumed 
to be the moisture plus the soluble so lid s .
(4) Ash (P late XIV)
The ash vas determined by weighing about fiv e  grams of m aterial, 
on a dry b asis , in to  a tared s i l ic a  dish, about four inches in diameter.
The dish vas then covered and placed in a "dutch oven" to drive o ff  most 
of the v o la t ile  matter. At th is  point, the cover vas removed and a large  
part o f  the carbon burned. The dish was then placed in  an e le c tr ic  muffle 
furnace at about 600*C to complete the ashing. About 45 minutes vas re­
quired in the "dutch oven" and about 30 minutes in  the e le c tr ic  furnace.
The furnace vas therm ostatically controlled but the "dutch oven" vas 
heated by a Mekcr burner and the only control vas that o f adjusting the 
flow o f  gas. On the completion o f the ashing, the sample vas cooled in 
a desiccator and weighed. Knowing the orig inal moisture and the weights, 
the per cent ash vas calculated .
This method vas checked by running numerous samples o f the same 
m aterial. The reproducibility vas considered to be as good as the homo­
geneity o f the sample, (hie determination vas su ffic ien t for the fiber  
product, but two or three were necessary for the raw bagasse.
(5) Density Measurements
Density measurements were determined by use o f a 3/4 inch thick ply­
wood box, 31-3/8 inches long, 31-1/4 inches wide, and 32-1/4 inches deep. 
The box vas f i l l e d  with fiber or pith and weighed, and the density o f the
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material on both a dry and vet basis vas calculated. The den sities o f the 
m aterials under various compressive loads vere a lso  determined. This vas 
done by use of a 1-1 /2  inch thick top vhich vas f it te d  inside the box. As 
many as 6 persons stood on th is  top, providing approximately 900 pounds of 
weight on a 6.8 square foot surface. The volume occupied by the fiber or 
pith was then determined by averaging the distances from each of the corners 
o f the l id  to the top edge o f the box. Knowing the weight and volume the 
d en sities were then calculated.
(6) Mud in the Drain Water
This vas determined by pouring a freshly stirred  sample of the vater 
from the strainer tanks into a 1,000 ml. graduate. The so lid s were allowed 
to s e t t le  over night and the volume o f mud then read on the graduate. The 
volume per cent mud in the drain water vas then calculated.
(7) Solids in Drain Vater
I
A fresh ly  stirred  sample of the vater from the strainer tanks vas 
poured into a tared 250 ml. beaker. This vas then placed in an oven at 
110aC overnight. The beaker was then removed, cooled in a desiccator, and 
weighed. The per cent so lid s  vas calculated.
(8) P article  S ite  D istribution o f Fiber
This vas accomplished by taking approximately fiv e  grams o f dried 
fiber and separating each p artic le  into a s iz e  range according to i t s  
length. The breakdown o f s iz e s  used vas 0 -  1/2: 1/2 -  1; 1 -  1-1/2;
1-1/2 -  2; 2 -  2-1/2; and over 2-1/2 inches. A ll the fibers greater than 
1/2  inch were actually  picked up with a pair o f tweezers, and their  length  
measured. They vere put in the appropriate group. When a l l  the sample was
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separated, each group vas weighed and the percentages calculated.
(9) Desirables and Undesirables in Fiber
An attempt vas made to measure the undesirables in the fiber by 
separation v ith  a pair o f tweezers. The desirables vere considered to 
be fiber p artic les vhich vere pith free or those vhich had very l i t t l e  
pith clinging to them. The undesirables vere considered to be essen­
t ia l ly  pith p artic les or fiber p artic les vhich had a very large amount 
of pith clinging to them. This analysis vas reproducible but i s  ques­
tionable since i t  i s  not a positive  separation into p ith  and fib er.
F. IDENTIFICATION OF TEST RUNS
To a id  in  th e  id e n t i f ic a t io n  of the  v ario u s  runs mentioned in  th e  
fo llow ing ta b le s  th e  code system l i s t e d  below i s  used.
An example:
For th e  d a ta  used in  Table X III and p lo tte d  in  F igu res 14, 15 and 
16, a  ty p ic a l  run i s  denoted a s  48-L-20-A. This means th a t  1948 vas the 
g rin d in g  season in  which th ese  d a ta  wore taken h y  L in d e r( l4 3 )# jh e  "2 0 "  
denotes th e  p a r t ic u la r  run during the  season and the  A, B o r C in d ic a te s  
h ig h , medium and low flow ra te s  o f bagasse.
A ll o th e r d a ta  included  in  th is  re p o r t  were taken during  o r a f t e r  
the 1952 g rin d in g  season under th e  su p erv is io n  o f th e  a u th o r . For th e se  
runs th e  p re f ix  52, 53 o r 54 denotes th e  y e a r ; the R, H, M. F and C re p re ­
s e n ts  the name o f  th e  group le a d e rs , Rogers, Halbrook, McCombs, F rantz 
and C olvin. The re p o rts  in  which th ese  groups l i s t e d  t h e i r  d a ta  a re  in ­
cluded in  the  b ib lio g rap h y  under th e  group le a d e r 's  name. The l a s t  nuaber 
given i s  th e  p a r t ic u la r  run number th a t  th e  group made. For example,
53-M-13 would mean d a ta  taken  during the 1953 season, on th e  13th  run o f 
McCombs1 group.
The reason fo r  id e n tify in g  th e  d a ta  by y ear i s  th a t ,  because o f 
v ario u s  changes made in  th e  p la n t,  a s  noted  in  the se c tio n  "E vo lu tion  o f 
the  Bagasse S eparation  P la n t" , the  d a ta  which were c o lle c te d  during  one 






























DATA FOR POWER CONSUMPTION AND FEES RATES OF THE BAGASSE SEPARATION PLANT
Moisture in  „ Vet Feed Rate KWH lb s  H2O KWH
Feed. % Solubles lb /h r  hr. hr" x  10 lb .  wet feed
51 3 1000 27.0 .0288
46 6 2500 23.1 .0092
47 5 1590 26.0 .0164
55 6 1875 25.9 .0138
49 6 1945 25.8 .0132
49 6 1997 25.2 •0128
48 5 1707 24.0 .0140
46 6 1810 27.0 .0149
46 6 1690 24.5 .0145




50 2.7 2320 26.4 12.6 .0125
50 2.3 3030 22.5 10.3 .0076
57 4 .0 3390 21.7 7.6 .0075
53 4 .8 3100 27.4 — •0093
50 4 .1 3300 26.8 7.6 .0076
48 3 .9 3050 24.0 12.9 .0074
51 4 .1 3770 25.8 27.8 .0069
49 3 .3 2190 24.9 3.9 .0014
50 4 .7 2710 25.7 4 .5 .0095
50 5 .5 2880 27.0 17.8 .0094
50 4 .3 3040 21.9 19.4 .0072
52 3.6 3220 25.7 4.6 .0080
46 2.8 3320 25.2 22.6 •0076
49 4 .3 3410 25.2 20.2 •0074
50 3 .8 3550 30.0 27.3 .0084
51 4 .9 3600 24.0 28.0 .0066
(Continued on next page)
TABLE I I  (Continued)
Rim No, Moisture in  Feed, % Sucrose, %
Vet Feed Sate 
lb s /h r .
KWH
hr.
lb s  H20 i KWH
x  10 lb .  tret feed
54-H-13 58 3 .2 4290 24.9 20.7 .0058
S4-F-1 56 4 .1 2470 27.4 14.9 .0111
2 53 2.2 2480 16.8 18.6 . •0073
3 51 3.8 2460 18.0 0 .0 .0073
4 50 2.7 2540 18.0 14.2 .0071
5 52 2.7 2680 18.5 11.4 •0069
6 51 3 .5 2780 22.0 17.6 .0082
7 54 5.0 3070 18.0 10.6 •0056
8 53 3.3 3730 18.3 17.7 .0065
9 50 3 .1 2650 16.2 0 .0 •0061
10 52 3 .0 2940 23.2 — .0079
11 51 3.3 3620 23.4 12.6 .0065
12 50 4.3 2490 14.5 5 .2 •0058
13 51 4 .1 3030 23.2 0 .0 •0076
14 52 3.8 3510 17.6 0 .0 .0050
15 52 3.3 2540 24.0 14.5 .0094
16 48 4 .0 2190 23.2 21*5 .0106
17 50 2.9 3100 17.1 0 .0 .0055
54-C-2 52 4 .1 2450 24.0 7.9 •0098
3 52 - 2220 24.4 5 .0 •0100
5 51 3.9 2410 23.9 18.7 .0099
6 49 • 3390 26.8 15.1 .0079
7 46 4 .1 2265 22.0 0 .0 .0097
8 53 2.0 2730 17.0 14.6 •0062
9 50 3 .0 3020 23.5 7 .5 .0078
10 48 4 .2 2490 23.7 7 .1 .0095
11 54 5.0 2680 17.3 10.3 .0064
13 52 4.8 2465 17.7 18.1 .0072
14 50 5.2 2160 23.6 18.8 .0011
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TABLE I I I
INSTANTANEOUS POWER CONSUMPTION FOR INDIVIDUAL HAMMER MILLS 
OF THE BAGASSE SEPARATION PLANT
Halbrook 
McCombs 
M ill 1 





























7 .0  (Running in  
Reverse)








LOAD FACTOR ON HAMMER MILLS AND ACCESSORIES OF THE BAGASSE
SEPARATION PLANT
(A) Total HP Rating o f  a l l  Motors,  Connected Load
Manner M ills -  60.0 HP
Accessories 21.5 HP
Total 81.5 HP
(B) Actual Load Running Id le
Ifn— rr M ills
only -  15.5 KWH/hr.
Accessories
only 9 .5  KWH/hr.
Total 25.0 KWH/hr.
(C) Load Factors
Basis: 1 KW -  1.341 HP
Manner M ills
Accessories
15.5 x 1.341 -  20.8 HP
20.8
60 x  100 a 34 .6£ o f to ta l notor ratings o f n i l l s
9 .5  x 1.341 * 12.7 HP 
12 7 x  100 ■ 59.1% of to ta l notor ratings o f accessories
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TABLE V
ASH ANALYSES OF FEED AND FIBER PRODUCT 




























% Ash, F ib e r 































ASH ANALYSES OF FEED AND FIBER PRODUCT FOR WET OPERATION 
OF THE BAGASSE SEPARATION PLANT
Run No.
t
Lbs. Vater Lbs. Vater % Ash in % Ash in
Lb ash in  feed x 10 Lb. dry ieed Feed Fiber
53-H-8 1.10 4 .6 4.14 1.79
9 1.82 8 .5 4 .65 1.26
10 1.23 15.1 12.22 2.27
53-M-6 5.45 12.3 2.26 0.86
7 3.89 12.7 3.26 1.12
11 3.41 15.4 4.51 1.31
14 1.95 13.3 6.84 1.63
54-C-2 1.48 6.7 4.58 2.11
5 2.04 15.9 7.80 2.14
6 1.34 8 .7 6.50 2.21
8 0.78 11.4 14.60 3.20
9 0.68 4 .1 6.20 2.60
10 0.86 5.3 6.15 1.81
U 3.30 8 .4 2.73 1.36
12 4.15 11.2 2.70 1.24
13 6.55 15.1 2.31 1.13
14 8.70 17.6 2.02 1.21
54-F -l 4 .72 13.5 2.86 1.52
2 6.17 16.0 2.59 1.46
4 4.08 11.2 2.75 1.81
5 0 .82 8 .2 10.09 4.03
6 2.12 13 .0 6.15 1.69
7 2.56 7 .3 2.74 2.47
8 2.38 10.1 4.25 2.02
10 4.29 1.70
11 1.10 7 .2 6.47 2.06
12 1.60 4 .2 2.61 1.76
15 4.92 12.0 2.44 1.43
16 10.70 18.8 1.74 0.87
Averages 3.21 10.8 4 .91 1.80
TABLE VII
ASH ANALYSES OF FIBER AND PITH FROM EACH MILL
OF THE BAGASSE SEPARATION PLANT
Ash analyses, per cent, Run 53-M-ll
Bagasse Feed 4.51
Fiber, M ill No. 1 , *dry" 2.98
Fiber, M ill No. 2 , "wet" 1.60
Fiber, M ill No. 3 , "wet" 1.31
Pith Ash Analyses, per cent
P ith , M ill No. 1 9.05












SUMMARY OF PER CENT ASH IN THE BAGASSE FEED AND PER CENT ASH IN FIBER PRODUCT FOR VARIOUS OPERATING
CONDITIONS OF THE BAGASSE SEPARATION PLANT
SCRE&I SIZES
#1 M ill 1 /6"  Screen 
#2 M ill 1 /8 *  Screen 
#3 M ill 1 /8 11 Screen
#1 M ill 3/16" Screen 
#2 M ill 1 /8*  Screen 
#3 M ill 1/8 ** Screen
#1 M ill 3/16* Screen 
#2 M ill 3/lb*. Screen 
#3 M ill 1 /8*  Screen
#1 M ill 1/d "Screen  
#2 M ill 1/8** Screen 
#3 M ill 1 /8*  Screen
Averages
# i  M ill Dry 
#2 M ill Dry 
#3 Not Used
5.27 -  3*59 
2.59 -  2.33  
10.09 -  6.83
4 .99 -  3.17 4.84 -  2.73 2.63 -  2.49
5.76
>1 M ill Dry 
#2 M ill Dry 
#3 M ill Dry
3.68 -  2.51  
2.86 -  2.54  
6.15 -  5 .35
13.60 -  6 . I 0 5.62 -  2.50 6.80 -  2.49 3.55
#1 M ill Dry 
#2 M ill Vet 
#3 Not Used
2.59 -  1.46  
2.75 -  1 .81  
10.09 -  4.03  
5.27 -  2.10
14.40 -  3.20 2.51 -  1.76  
2.73 -  1.36  
2.70 -  1.24
2 .3 l  -  l . i 3
5.00
#1 M ill Dry 
#2 M ill Dry 
#3 M ill Vet
4.58 -  2.11  
2.86 -  1.52
6.50 -  2.21  
6.20 -  2.60
6.47 -  2.06 
6.15 -  1.81
2.02 -  1.21 1.77
#1 M ill Dry 
#2 M ill Vet 
#3 M ill Vet
7.80 -  2.14  
6.15 -  1.69
4.25 -  2.02  
4.29 -  1.70
2.44 -  1.43
1.74 -  0.87
2.26 -  0.86  
3.26 -  1.12  
4.51 -  1.31  
6.84 -  1.63  
4.14 -  1.79  
4.65 -  1.26  
12.22 -  2.27
Averages | 5.49 -  2.61 3 .9 7 -2 .2 4 [ 3.91 -  1.75 3.81 -  1.67
NOTE: The f i r s t  nunber o f  each se t  o f  two values i s  the per cent ash in  the bagasse feed, the second nuober 




ANALYSES OF BAGASSE AND FIBER ASH FOR S i02 and F e ^
A Sanpic o f feed and product ash fro® run 53-M-6 vas examined 
for S i0 2 and Fe203*
Bagasse Feed Fiber Product Per Cent Reduction
Ash 2.26$ 0.86# 62$
S i02 66.45$ 57.12$ 14$
Fe203 1.27$ 0.71$ 44$
This run was v ith  M ill No* 1 , dry; M ills No* 2 and No. 3 , with  
vater* The feed rate vas 2880 pounds o f vet bagasse per hour; the vater  
r a te , 17,800 pounds per hour. There vas a 1/4  inch screen in  the f i r s t  
m ill and a 1/8 inch screen in  the second and third m ills*
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TABLE X
PER CENT OF FEED RH-iOVED AS PITH FROM 
THE NO. 1 MILL ONLY, (DRY BASIS)
Hi M ill ,  1 /8  * Screen //I M ill, 3 /16" Screen HI M ill ,  1 /4 "  Screen
13 21 19 23
12 2(3 24
14 21 18 24
12 20 24
17 20 22
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FRACTION OF BAGASSE FEED REMOVED AS PITH FROM ALL MILLS (DRY BASIS) t
SCREEN SIZES
Averages
#1 M ill 1 /8"  Screen 
#2 M ill 1 /8 *  Screen 
#3 M ill 1/8  * Screen
§1 M ill 3/16" Screen 
#2 M ill 1 /8"  Screen 
#3 M ill 1 /8 "  Screen
#1 M ill 3/16* Screen 
#2 M ill 3/16* Screen 
#3 M ill 1 /8 *  Screen
#1 M ill 1 /4  ■ Screen 
#2 M ill 1 /8 "Screen  
#3 M ill 1 /8 "Screen
H M ill Dry
#2 M ill Dry 0.16 0.24 0.26 0.25* 0.22
#3 Mot Used
#1 M ill Dry
#2 M ill Dry 0.22 0.33 0.38 0.31
#3 M ill Dry
J l  M ill Dry 0.27 6.32 0.34 0.38* 0.32
#2 M ill Vet 0.24 0.34 0.39
#3 Not Used 0.31 0.37
#1 M ill Dry 0.28 0.40 0.39 0.49* 0.32
#2 M ill Dry 0.23 0.33 0.35
#3 M ill Vet 0.29
#1 M ill Dry 0.39 0.35 0.44 0.39
#2 M ill Vet 0.37 0.40 0.39
#3 M ill Vet
Averages 0.28 0.34 0.37 0.37*
A. These figures not included in  averages or an a lysis a t  variance. Each value i s  for  a separate run and i s  
equal to  Total lb s ,  o f  B.D. p ith  .












PITH FIOM THE NO. 1 HILL/TOTAL PITH REMOVED FROM THE BAGASSE (DRV BASIS)
SCREED SIZES
#1 Mill 1/8"  Screen 
#2 M ill 1 /8*  Screen 
#3 M ill 1/8** Screen
#1 M ill 3/16* Screen 
#2 M ill 1 /8"  Screen 
#3 M ill 1 /8"  Screen
#1 M ill 3/16* Screen 
#2 M ill 3/16" Screen 
#3 M ill 1 /8"  Screen
#1 M ill 1/4" Screen 
#2 HOI 1/8"  Screen 
#3 M ill 1 /8"  Screen
Averages
#1 M ill Dry 
#2 M ill Dry 
#3 Not Used
0.81 0.88 0.72 0.89* 0.80
#1 M ill Dry 
#2 M ill Dry 
#3 M ill Dry
0.55 0.80 0.64 0.66
#1 M ill Dry 












#1 H ill  Dry 
#2 M ill Dry 









fa M ill Dry 
#2 M ill Vet 







Averages 0.59 0.68 0.59 0.84*
A. These figures are not included in  averages or an a lysis o f  variance. Each value i s  for a separate run 
and i s  equal to  lb s ,  o f B.D. p ith  front Ho. 1 M ill .




BATA FOR POWER CONSUMPTION AND FffiD RATE FOR VARIOUS RPM 
OF THE SMALL HAMMER MUL
Vater used on Snail H il l ,  Straight Head, 11 Straight Hamers, 1 Twisted 
Hamer per row, 4 rows.
2455 RPM
Run No. I K 7 7 i t hLbs. Feed
Feed Rate 
Lbs. Min. KWq/Lbs. I
48-L-20 A .174 14.4
B .174 12.0
C .151 9.6
21 A .182 16.0 .0038
B .224 12.4 .0042
C .288 8 .8 .0055
22 A .154 20.0 .0033
B .180 13.0 .0035
C .223 9.8 •0050
23 A .217 20.4 •0031
B .243 12.8 .0035
C .303 9.4 .0045
24 A .216 20.9 .0030
B . 2 a 13.6 .0037
C •260 9.3 .0047
25 A .164 13.8 .0044
B .164 11.6 .0047




48-L-27 A .175 16.8 .0014
B .160 11.6 .0017
C .194 8 .3 .0020
28 A .192 18.5 •0013
B .222 U .2 .0017
C .168 10.6 .0017
D .163 8 .4 •0018





Lbs. P ith  
Ubs. Feed
Feed Rate 
Lbs. Min. KVH/Lbs. Feed
48-L-29 A .129 13.8 .0015
B .149 n.4 .0017
C .173 7 .7 •0020
30 A .154 14.0 .0017
B .164 12.6 .0017
C .185 9 .4 .0019
31 A .138 16.5 .0014
B .130 11.4 .0017
C .232 9.4 .0020
32 A .121 19,3 .0013
B .125 13.5 .0015




48-L-33 A .121 22.5 .0009
B .135 12.6 .0011
C •132 9 .1 .0012
34 A .108 21.6 .0008
B .140 12.1 .0011
C .140 9 .0 .0012
35 A .159 18.4 .0010
B .147 11.5 .0011
C .168 8 .2 .0013
36 A .139 18.9 •0009
B .142 11.5 .0011
C .142 8 .1 .0013
37 A •129 18.2 .0010
B .134 11.7 .0010
C .139 8 ,3 .0013
38 A .127 22.0 .0009
B .149 13.1 .0010
C .145 9 .4 .0011
Averages .138 13.7 .0011
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TABLE XIV
PER CENT SOLIDS AND PER CENT MUD IN VATER FROM THE 
STRAINER TANKS OF THE BAGASSE SEPARATION PLANT
Ron No* % S o lid s  in  
D rain V ater
% Mud l b s .  Water ~ m -2  
lb s .  Ash in  Feed
lb s .  H2 O 
lb s .  d ry  feed
54-F-6 0*91 13 .0 2.12 13 .0
7 1.63 17 .5 2.56 7 .3
8 1*00 12.3 2.38 10 .1
12 1.68 17.0 1 .60 4 .2
15 0*56 10.5 4 .92 12 .0
16 0.37 8 .0 10.70 18 .0
54-C-5 1.13 11.2 2.04 15.9
6 1.02 10 .2 1.34 8 .9
8 1.31 16.7 0 .78 11 .4
9 17 .2 0 .68 4 .1
10 1.05 11 .0 0 .86 5 .3
11 0.93 12.3 3.30 8 .4
12 0.35 5 .1 4 .15 11 .2
13 0.67 12.3 6 .55 15 .1
14 0.36 7 .0 8.70 17 .6
Averages 0 .93 12 .1 3.51 10 .8
ITABLE XV
PARTICLE SIZE ANALYSES OF THE FIBER PRODUCT FROM THE BAGASSE SEPARATION PLANT
Rim No. 0  -  1 /2 « 1 /2  -  1»» 1 -  1 -1 /2 " 1 -1 /2  “  2 " 2 -  2 -1 /2 " 2 -1 /2 *
54»F-1 36.7 30 .0 15.7 4 .7 2 .1 10 .8
2 62.1 23 .2 11 .0 1 .4 1 .3 0 .0
3 36.5 29 .2 11 .5 3 .5 2 .3 17 .0
4 30.6 35 .2 11 .9 8 .9 2 .1 11 .3
6 32.6 29.7 8 .8 14 .8 2 .3 U .7
12 38.1 34.3 12.7 5 .1 0 .0 9 .8
16 17 .5 34 .5 19 .8 11.9 4 .7 11.6
i 4 C -l 27.1 45 .3 18 .3 5 .5 3 .8 0 .0
2 44.1 36 .2 12.6 4 .4 2 .7 0 .0
6 28.0 38 .2 19 .5 7 .0 2 .5 4 .8
10 33.0 37 .8 17 .0 6 .4 2 .6 3 .2
14 38.1 37 .0 14.9 5 .6 3 .2 1 .2
A rerages 35.4 34.2 14 .5 5 .8 2 .5 6 .7
«0a>
TABLE XVI
BONE DRY DENSITY VERSUS PRESSURE FOR FIBER AND PITH FROM THE BAGASSE SEPARATION PLANT
D ensity  -  l b s / f t 3 
P ressu re  -  l b s / f t ^
(1 ) F ib e r
Run No• M oisture_____________________________________________________________________________________












































































54-F-7 83.4% Dry D ensity  













54-F-8 80.7% Dry D ensity  































(Continued on n ex t page)
Bin No, M oisture
TABLE XVI (Continued)
























































































































































(Continued on n ex t page)
TABLE XVI (Continued)
Rtn No. M oisture
5 4 -C -ll 81.2* Dry D ensity 3.12 3.77 4 .23 4.65 4.82
P ressu re 0 28.7 48.8 78.8 98.8
(2 ) P i th
54-F-3 43.0* Dry D ensity 3.70 4.69 5.11 5.44
P ressu re 0 30.2 57.7 82.3
54-F-4 50.0* Dry D ensity 3 .81 4.79 5 .35 5.70 6.00
P ressu re 0 26.7 54.6 80 .0 105.8
54-F-5 49.8/6 Dry D ensity 5.14 6.40 7.10 7.32 7.56
P ressu re 0 32.2 52.1 77.3 104.7
54-F-6 50.4* Dry D ensity 4 .35 5.59 5.88 6.25 6.57
P ressu re 0 32.1 54.5 79.7 107.2
54-F-7 51.5/6 Dry D ensity 3.81 4 .85 5.18 5.56 5.89
P ressu re 0 32 59 85 112
54-F-8 51.2* Dry D ensity 4.10 10.50 11.40 12.10 12.60
P ressu re 0 32 58 77 99
54-C-2 50.656 Dry D ensity 3.60 4.65 5.13 5.42 5.66





RESULTS OK ANALYSES OF FIBER FOR DESIRABLES AND UNDESIRABLES
Run Nunbcr C ondition  o f M ills*  D e s ira b le s , % U n d esirab les ,
No. 1 No. 2 No. 3
53-M-2 D D D 80 20
5 D W tf 89 11
6 D W w 76 24
7 D S w 72 28
8 D S w 98 2
9 D S w 92 8
10 D s w 90 10
11 D w w 90 10
12 D w w 84 16
13 D D D 83 17
53-H-2 •D D D 8b 14
3 D W s 92 8
4 D W w 91 9
5 D V w 90 10
6 D S w 83 17
7 D D D 79 21
8 D S W 90 10
9 D W W 85 15
10 D W W 90 10
Average 86.3 • 13.7
V a ria tio n s  in  A nalyses fo r  D e s ira b le s  on S ep a ra te  Samples % D es ira b le s
53-H-9 Sample 1 , each run by a . 85 .0
a d i f f e r e n t  p e rso n . b . 82 .5
c . 85 .5
Range 3 .0
53-H-2 Sample 2, each run by a . 90 .0
th e  same p erso n . b . 88 .4
c . 92 .5
• Range “T T





PROPERTIES OF KRAFT PULP PRODUCED FROM DRY AND VET 
SEPARATES FIBER AND BAGASSE
Samples o f bagasse and d ry  sep a ra ted  f ib e r ,  from run H-7, and v e t  
sep a ra ted  f ib e r  from run M -ll were s e n t to  th e  R esearch L aborato ry , 
S outhern  K ra ft D iv is io n , I n te rn a t io n a l  Paper Company, M obile, Alabama, 
f o r  eva luation*  A K ra ft cook was made on each o f  the samples and the 
r e s u l t in g  pulp te s te d .  Data on th e  t e s t s  a re  summarized below. Coltmm 1 
i s  th e  f ib e r  product from wet s e p a ra tio n , Column 2 , th e  f ib e r  product 
from d ry  s e p a ra tio n , and Column 3 i s  raw bagasse; C olum s 4 and 5 in c lu d e  
r e p re s e n ta tiv e  d a ta  f o r  easy  b leach ing  p in e  and gum p u lp s , r e s p e c t iv e ly .
Coluim Number
1 2 3 4 5
% A ctive Na20, on B.D. Bagasse 11.0 11.0 11.0 11 .0 11 .0
Cooking p re s su re , p . s . i . 110.0 110.0 110.0 110.0 110.0
Time to  p re s s u re , h r s . . 1 .0 1 .0 1 .0 1 .0 1 .0
Time on p re s s u re , h r s . 1 .0 1 .0 1 .0 1 .0 1 .0
TAPPI Permanganate No. 6 .10 7 .10 7.25 20.0 14 .0
% S creen ings (.010*  p la te )
On B.D. Pulp 1 .10 1.75 0 .31
% T o ta l Y ie ld , on B.D. Bagasse 55.85 52.45 44.77 47.50 50.00
Canadian S tandard  F reeness 550.0 450.0 280.0 720.0 690.0
% Ash, on B.D. Pulp 0 .5 1 .0 3 .5 0 .1 -0 .2 0 .1 -0
% Pulp r e ta in e d  on:
14 mesh 2 .1 1 .4 1 .8
30 mesh 30.5 22.6 17.8
50 mesh 23.1 23.0 22.0
100 mesh 29.9 34 .2 36.1
% Pulp th rough 100 mesh 14.4 18.8 22.3 6 .0 16 .0
S ev e ra l hand samples made from th e  above screened  pulps were te s te d
by the  Gaylord C on tainer C orpora tion .




B asis  Wt. 
lb s .
C a lip e r
i n .




P u lp  from
w et se p a ra te d  f ib e r
44 .5 .0045 89 .0 110.0
Pulp  from d ry  
se p a ra te d  f ib e r
45 .0 .0040 83 .0 117.5
Pulp  from Bagasse 44 .5 .0050 88 .4 104.5
I d e n t i f i c a t io n  o f  Terms vised For T e s tin g  o f  H andsheets 
B asis  w eight -  w eight o f  a 500 sh ee t ream o f  24 x  36 in c h  s h e e ts , l b s .  
C a lip e r  -  th ic k n e ss  o f  a  s in g le  s h e e t ,  in c h e s .
M ullen -  t h i s  i s  a  •pop" o r  b u rs t in g  t e s t .  The b u rs tin g  p re ssu re  fo r  a 
s ta n d a rd iz e d , c i r c u la r  a re a  i s  th e  m easure commonly taken  fo r  th e  b u rs t*  
in g  s t r e n g th ,  and i s  sometimes reco rd ed  a s  p o in ts .
This t e s t  may a ls o  be ex p ressed  as  th e  B u rs tin g  P e rcen t which i s  
th e  r a t i o  o f b u r s t in g  s tr e n g th  in  p o in ts ,  to  th e  b a s is  w eight m u lt ip l ie d  
by 100. T h is  r a t i o  a llow s th e  i n t r i n s i c  s tr e n g th  o f  papers o f  d i f f e r e n t  
w eights to  be compared.
Tear -  T h is  t e s t  i s  a  m easure o f  th e  fo rc e  in  g ram -cen tim eters  re q u ire d  to  
te a r  th e  le n g th  o f  16 sh e e ts  (137 .6  cm). T h is v a lu e  i s  then  d iv id e d  by 
th e  b a s is  w eight and m u lt ip l ie d  by 100 to  o b ta in  th e  p er c e n t v a lu es  which 
a re  re p o r te d .
D e ta ils  o f  a l l  t e s t i n g  procedures f o r  paper a r e  a v a i la b le  in  th e  
TAPPI S tan d a rd s(14° ) .
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RESULTS OF TESTING DRY AND WET SEPARATED FIBER 
FOR USE AS A WALL BOARD RAW MATERIAL
S ix  sam ples o f  th e  f ib e r  produced in  th e  bagasse  s e p a ra tio n  p la n t  
v e re  s e n t to  th e  C elo tex  C orporation  in  M arrero , L o u is ian a , f o r  evalua­
t io n .  L is te d  b e lo v  a re  comments and co n c lu s io n s  reg a rd in g  th e  samples 
s e n t .  Follow ing t h i s  i s  a  c h a r t  id e n t i fy in g  th e  c o n d itio n s  imposed on 
each sam ple.
B ale No. 1 -  F i b r i l l a t i o n  ( le n g th  to  d iam eter r a t io )  i s  low , y ie ld in g  
s h o r t  s tocky  b u n d le s . When t h i s  i s  f u r th e r  r e f in e d  f o r  use  in  b u ild in g  
board i t  would y ie ld  a  v ery  s h o r t  f i b e r .  The id e a l  f ib e r  should  be long
and th in  ( s i lk y )  -  b e t t e r  th an  80 to  1 le n g th  to  d iam eter r a t i o  -  and be
tough and r e s i l i e n t .
B ale No. 2 -  F a i r ly  l i g h t  in  c o lo r .  E x c e lle n t f i b r i l l a t i o n .  Would prob­
a b ly  need very  l i t t l e  a d d i t io n a l  r e f in in g .  I f  t h i s  i s  s o , then i t  should  
be h ig h ly  s a t i s f a c to r y  in  board fo rm atio n , e s p e c ia l ly  s in c e  th e re  a r e  very  
few p i th  bund les o r  s to ck y  f ib e r  b u n d les .
Bale No. 3 -  G rayer c o lo r  due probably  to  d i r t .  C ontains some p i th  bundles
i n  b a le  a s  w e ll a s  a  c o n s id e rab le  amount o f  f ib e r  b u n d les . The f i b r i l l a ­
t io n  th a t  does occur y ie ld s  very  lo n g , d e s ir a b le ,  f ib e r s .  Very l i t t l e  
u sa b le  f ib e r  i s  l o s t  in  th e  p i th  f r a c t io n  3A, th e  l e a s t  o f  a l l  th e  d ry  
sam ples.
Bale No. 4 -  The p o o re s t o f  a l l  th e  sasqples s e n t ,  n o t in  c o lo r ,  b u t due 
to  poor f i b r i l l a t i o n  and due to  a  la rg e  amount o f  p i th  ad h erin g  to  th e  
f ib e r  b u n d le s . A lthough f ib e r  bundles a r e  n o t to o  s h o r t ,  f i n a l  r e f in in g  
may r e s u l t  in  too  s h o r t  a  f i b e r .
Bale No. 5 -  The b e s t  o f  a l l  th e  samples s e n t .  Almost p i th  f r e e .  The 
f i b r i l l a t i o n  i s  ex ce llen t^  y ie ld in g  v ery  few f ib e r  b u n d les . The v e ry  l i g h t  
c o lo r  in d ic a te s  th a t  m i l l  lo s s e s  (w ashing, r e f in in g )  would probab ly  be a t  
a minimtm. As a  m a tte r  o f  f a c t ,  l i t t l e  a d d i t io n a l  r e f in in g  would be 
n e c e ssa ry  fo r  c e r ta in  b o ard s .
Bale No. 7 -  S im ila r  c o lo ra t io n  to  B ale No. 3 . The degree o f f i b r i l l a t i o n  
i s  e x c e l le n t  excep t f o r  a  l a r g e r  amount o f  chunks than  No. 5 . The b a le s  
a r e  m oderate ly  p i th  f r e e .  Both B ales 5 and 7 have a h igh  p e rcen tag e  o f  
u sab le  f ib e r  l o s t  in  th e  p i th  f r a c t io n .
B ales No. 5 and No. 7 seem to  be th e  b e s t ,  i f  economics were unim­
p o r ta n t .  S im ila r ly  B ale No. 4 y ie ld e d  th e  p o o re s t f ib e r  f o r  our p ro c e ss . 
Due to  c o s t  o f  d ry in g  b ag asse , which i s  n e c e ssa ry  p r io r  to  s to ra g e , t h i s  
r e v e r s a l  o f  "w et"  and " d ry '* p ro c e sse s  i s  u n fo r tu n a te .
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A ll f ib e r  sa a p lc s  appear to  have M erit a s  p o te n t ia l ly - b c t tc r  raw 
m a te r ia l  fo r  in s u la t io n  board th an  re g u la r  bagasse. There i s  some ques­
t io n  about th e  f e a s i b i l i t y  o f  s to r in g  v e t ,  b a led  bagasse , assuming th a t  
i t  would n o t be used g reen . The b e s t  in d ic a t io n  o f  the •wet*' v ersu s "d ry "  
m a te r ia l  s to r c a b i l i ty  i s  in  observ ing  th e  3-month o ld  p i th  sam ples. AH 
th e  wet s e p a ra tio n s  were very  dark  in  c o lo r  and had c o n s id e rab le  Mold 
and fungus grow th. The d ry  samples were l i g h t  in  c o lo r  and p r a c t ic a l ly  







IDENTIFICATION OF SAMPLES SENT TO CELOTEX CORPORATION
SCREEN SIZES
#1 M ill 1 /8 "  Screen 
#2 M ill 1/8*1 Screen 
#3 M ill 1 /8» ' Screen
#1 M ill 3 /1 6 "  S creen  
§2  M ill 1 /8 11 Screen 
#3 M ill 1 /8 "  Screen
#1 M ill 3 /1 6 "  Screen 
#2 M ill 3 A 0 "  Screen 
#3 M ill 1 /8 "  Screen
#1 M ill 1 /4  " S c re e n  
#2 M ill  1 /8 "  S creen  
#3 M ill 1 /8 "  Screen
§1 M ill  Dry 
#2 M ill Dry 
#3 Not used
#1 M ill Dry 
#2 M ill Dry 
#3 M ill D rr
Bale No. 1 
Run C -l
B ale No. 4 
Run C-7
#1 J ii l 'i  Dry 
#2 M ill Wet 
#3 Hot Used
B ale No. 3 
Rin F-7
#1 M ill  Dry 
02 M ill Dry 
#3 M ill Wet
B ale No. 2 
Run C-2
Bale No. 7 
Rin C-10
#1 M ill  Dry 
#2 M ill Wet 
#3 M ill  Wet




YIELDS OF PULP FROM DRY AND WET SEPARATED FIBER USING A NEUTRAL SULFITE COOK
Tem perature
o f
D ig estio n
170*C 160-C
C hem ical/F iber 
R a tio  
ffas/LOO gas 
o f  F ib e r
14 g Na*S03 
5 g  Na2003
8 g Na2S03 
3 g Na2C03
1
14 g N*2S03 
5 g Na2C03
8 g N a ^ 0 3 
3 g NajSOj
W ater/F ib e r
R atio
t
5/1 7/1 5/1 7/1 5 /1 7 /1 5 /1  | 7 /1
Wet o r Dry 
S ep a ra tio n  
o f  F ib e r
Vet Dry Vet Dry Vet Dry Vet Dry Vet Dry Vet Dry Vet Dry Vet Dry ;1
!
Time 
2 H rs. 59.5 63 .1 58.8 62 .5 65 .5 70 .5
■








SUMMARY OF ANALYSIS OF VARIANCE FOR THE YIELD OF PULP FROM 
DRY AND WET SEPARATED BAGASSE 





9 .8  0 .6
3 .2  0 .1
15.6
For 1 and 26 degrees o f freedom an F o f  4 .22 i s  s ig n i f ic a n t  a t  the 
5/£ l e v e l  o f confidence and one o f  7 .72  i s  s ig n i f ic a n t  a t  th e  1% l e v e l .
Averages o f  y ie ld s  fo r  v a r ia b le s  in v e s tig a te d  in  pulp ing  o f dry and 
wet sep a ra ted  f ib e r  a re  rep o rted  below
F i r s t
Condition
Second
Condition D iffe ren ce
(1 ) C hem ical/F iber R atio 62.9 72.6 9.7
(2) Temperature 65 .5 70.1 4 .6
(3) Water o r  No Water on M ills 65.8 69.8 4 .0
(4) Time 67.2 68.3 1 .1
(5) W ater/F iber R a tio 67.5 68.1 0 .1
The f i r s t  two v a r ia b le s  a r e  s ig n i f ic a n t  a t  th e  l£  l e v e l ,  and th e  
th i r d  a t  th e  5 The fo u rth  and f i f t h  a re  n o t s ig n i f ic a n t .
Source o f Degrees of
V aria tio n  Sum o f S<,uarcs Freedom
C hem ical/F iber
R a tio  757.6
Temperature 172.5
123.6Water o r No Water on M ills
Time 9 .8
W ater/F iber R atio  3 .2
Pooled In te ra c t io n  422.0 26
T o ta l 1488.7 31
TABLE m i
PHIMANGANATE NUMBERS OF PULPS FROM DRY AND WET SEPARATED FIBER USING A NEUTRAL SULFITE COOK
Temperature
o f
D ig es tio n
170*C 160*C
C hem ical/F iber 
R a tio  
gas/100 gas 
o f  F ib e r




14 g Na2S03 
5 g Na2C03
8 g Na2S03 j
I
3 g N»2^®3
W ater/F ib e r
R atio 5 /1 7 /1 5 /1 7 /1 5 /1 7 /1 5/1 7/1
Wet o r  Dry 
S ep ara tio n  
o f  F ib e r
Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
Tine 
2 H rs. 1 0 .2 7 .3 7 .1 7 .2 22.2 19.8 20.4 1 9 .1 9 .1 7 .4 8 .3 7 .8 1 5 .6 13.9 14.7 14 .5
Time 




20.7 1 6 .9 1 1 .8 10 .1 1 1 .1 1 0 .4 19 .4 18.9 15 .7 12 .7
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TABLE XXIII
SUMMARY OF THE ANALYSIS OF VARIANCE FOR THE PIRMANGANATE 
NUMBERS OF THE PULP FROM DRY AND WET SEPARATED FIBER 
(Method o f C a lc u la tio n )  Reference 3)
Source Sum o f Squares Degrees o f 
Freedom
Mean Square F
C hem ical/F iber
R atio b04.05 1 o04.65 1 3b .48
Water o r No 
W ater on M ills 18.14 1 18.14 4 .15
Tem perature 11.39 1 11.39 2.57
W ater/F iber
R atio 0 .01 1 0.01 0.00
Time 3.31 1 3.31 0.75
Pooled I n te ra c t io n 115.22 22 4.43
TOTAL 752.72 31
For 1 and b degrees o f freedom an F o f 4 .22  i s  s ig n i f ic a n t  a t  th e  5% 
le v e l  o f confidence and one o f  7 .72  i s  s ig n i f i c a n t  a t  th e  1% l e v e l .
Average Permanganate Numbers fo r  v a r ia b le s  in v e s t ig a te d  in  th e  pulp­
ing  o f  d ry  and wet sep a ra te d  f ib e r  a re  re p o rte d  below
F i r s t
C ondition
Second
C ondition D iffe ren ce
(1) C hem ical/F iber R a tio 8 .8 17.5 8 .7
(2) Water o r No Water on M ills 12 .4 13.9 1 .5
(3) Tem perature 13.8 12 .6 1 .2
(4) W ater/F ib e r R a tio 13.7 12.7 1 .0
(5) Time 13.9 12.4 1 .5
Only th e  f i r s t  v a r ia b le  o f  chem ical to  f ib e r  r a t i o  was s ig n i f ic a n t  
and t h i s  was a t  the  1% l e v e l .
N O .  3 4 0  - 2 0  D IE T Z G E N  G R A P H  P A P E R
2 0 X 2 0  P E R  IN C H
E U G E N E  D I E T Z G E N  C O .  
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G. DISCUSSION OF RESULTS
The e f f e c t  o f  th e  v a r ia b le s  s tu d ie d  in  t h i s  in v e s t ig a t io n  w i l l  
b e s t  be understood  by r e f e r r in g  to  th e  graphs o f  th e  i t e a s  being  d is ­
cu ssed , a lo n g  w ith  th e  ta b le s  from which th e  d a ta  were ta k e n . When i t  
was n o t p o ss ib le  to  p lo t  th e  r e s u l t s ,  they  were re p o rte d  in  ta b u la r  form .
(1 ) V ariab les  A ffe c tin g  th e  Amount o f  S e p a ra tio n
One o f  th e  most s ig n i f ic a n t  v a r ia b le s  a f f e c t in g  th e  amount o f 
s e p a ra tio n  i s  th e  h o le  d iam eter in  th e  sc re e n s  im m ediately under th e  
hammers. F ig u re  13 shows th e  p er c e n t o f  th e  bagasse feed  which was r e ­
moved in  th e  f i r s t  m i l l  a s  p i th  fo r  th e  th re e  d i f f e r e n t  sc reen  s ix e s  th a t  
were used (d ry  b a s i s ) . The d a ta  a re  p lo t te d  from Table X. The v e r t i c a l  
l i n e s  which a re  drawn through each p o in t r e p re s e n t th e  range o f  v a lu es  
which were o b ta in ed  in  th e  in v e s t ig a t io n .  An a n a ly s is  o f  v a ria n c e  was 
perform ed on th e se  d a ta  and th e  d if fe re n c e s  between sc reen  s iz e s  were 
s ig n i f ic a n t  a t  th e  1% l e v e l .  One o f  th e  rea so n s  fo r  such a  wide range in  
th e  per c e n t s e p a ra tio n  i s  b e lie v ed  to  be due t o  some o f  th e  sc reen  h o le s  
b eco m in g  p lugged. On s e v e ra l  o cc a s io n s , when th e  sc reen s  from th e  m i l ls  
were removed, some c lo g g in g  was n o tic e d  on th e  feed  end o f  th e  hammer 
m i l l ,  b u t t h i s  was n o t s e r io u s .  I t  i s  b e lie v e d  th a t  two tw is te d  h a m e rs  
on t h i s  end would remedy th e  s i t u a t io n .
Table XI shows th e  r a t i o  o f  t o t a l  p i t h  removed in  a l l  m i l l s  to  
the  q u a n ti ty  o f  fe e d . This may be exp ressed  a s  a  f r a c t io n  s e p a ra te d . An
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a n a ly s is  o f  v a rian ce  was perform ed on th e se  d a ta  and both  d if fe re n c e s  
encountered  between sc reen  s iz e s  and those  encountered  between v a rio u s  
c o n d itio n s  o f the  m il ls  were s ig n i f i c a n t  a t  the  1% l e v e l .  I t  should be 
no ted  th a t  th e  d a ta  in c lu d ed  under th e  column fo r  th e  1 /4 11 sc reen  s iz e  
in  th e  f i r s t  m il l  was n o t in c lu d ed  in  th e  a n a ly s is  o f  v a r ia n c e . A ll 
the  d a ta  re p o rte d  in  Table XI a re  from th e  1954 g rin d in g  seaso n . I t  
was thought th a t  t h i s  ta b le  cou ld  be f in is h e d  by in c lu d in g  some o f  th e  
runs made during  th e  1953 season* s in c e  the 1 /4  inch  and th e  two 1 /8  
inch  screens were used a t  t h a t  tim e . This was n o t  th e  case* s in c e  the  
d ir e c t io n  o f r o ta t io n  o f  th e  No. 1 and No. 2 m i l l s  was changed du ring  th e  
sumser o f  1954* and i t  had a marked e f f e c t  on th e  amount o f m a te r ia l  be­
ing  sep a ra te d  as p i th .  The average p i th  to  feed  r a t i o  fo r  H albrook 's  
group was .47 and fo r  McCombs1 group was .4 4 . These f ig u re s  fo r  1953 do 
n o t compare w ith  the  average o f  .37 fo r  th re e  runs o f  th e  1954 seaso n .
The r a t i o  o f  p i th  removed in  th e  No. 1 m i l l  to  th e  t o t a l  removed
in  a l l  m il ls  fo r  th e  1954 season i s  re p o rte d  in  Table X II . An a n a ly s is
o f  v a rian c e  was a ls o  c a lc u la te d  f o r  th e se  d a ta  and both th e  d if fe re n c e s
encountered  between sc reen  s iz e s  and th o se  encountered  between v a rio u s  
c o n d itio n s  o f th e  m il ls  were s ig n i f i c a n t  a t  th e  1% l e v e l .  Again* th e  d a ta  
under th e  column fo r  th e  1 /4  inch  sc reen  s iz e  in  the  f i r s t  m il l  were n o t 
in c lu d ed . During th e  1953 season fo r  H alb ro o k 's  group a l l  o f  th e se  v a lu es  
were over 0 .9 0 . As before* t h i s  d if fe re n c e  was p robably  caused by th e  
change in  d i r e c t io n  o f  r o ta t io n  o f  th e  No. 1 and No, 2 m i l ls  du ring  th e  
sumner o f 1954.
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An e f f o r t  was made to  o b ta in  d a ta  which showed th e  e f f e c t  o f  feed  
r a t e  on s e p a ra t io n . The o n ly  c o r r e la t io n  th a t  showed s ig n if ic a n c e  in ­
volved  th e  d a ta  from T able X I I I ,  a t  795 RPM f o r  th e  s n a i l  banner m il l  o f  
P la te  X X III. T h is r e la t io n s h ip  i s  re p o rte d  in  F ig u re  16 . I t  has a  c o r­
r e la t io n  c o e f f ic ie n t  o f  - .5 4 6  which i s  s ig n i f ic a n t  a t  th e  2% l e v e l .  As 
can be seen in  th e  g rap h , th e  e f f e c t  o f  feed  r a t e  on th e  amount o f  sepa­
r a t io n  i s  n o t a  la rg e  one. F ig u re  15 shows th e  e f f e c t  o f  feed  r a t e  oa 
s e p a ra tio n  a t  1135 RPM, b u t t h i s  c o r r e la t io n  i s  on ly  s ig n i f i c a n t  a t  th e  
10% l e v e l .  The co rrespond ing  p lo t  f o r  2455 RPM i s  even more s c a t te r e d  and 
was n o t  in c lu d ed  in  t h i s  r e p o r t .
The o n ly  approach t h a t  could  be used  to  determ ine what e f f e c t  th e  
v a rio u s  m il l  speeds had on th e  amount o f  s e p a ra tio n  was by A n aly sis  o f  
V ariance. The average pounds o f  p i t h / l b .  o f  feed  fo r  2455, 1135, and 
795 RPM was .207 , .165 , and .1 3 8 , r e s p e c t iv e ly ,  as seen in  T able X I I I .
The d if f e re n c e s  in  th e se  th re e  f ig u re s  were found to  be s ig n i f i c a n t  a t  
th e  1% l e v e l .
P la te s  XXVIII, XXIX, and XXX show th e  b ag asse , f ib e r  and p i th  
f r a c t io n s ,  r e s p e c t iv e ly .  One can s e e , by comparing th e  f i r s t  two i l l u s ­
t r a t i o n s ,  t h a t  th e  la rg e  p a r t i c l e s  which a r e  p re s e n t  in  th e  bagasse  have 
been broken down and a re  p r a c t i c a l ly  f re e  o f p i t h .  The in c re a se d  f i b r i l ­
l a t io n  ( le n g th  to  d iam eter r a t i o )  o f  th e  f i b e r ,  which i s  an  im portan t 
p ro p e rty  in  w a ll board m anufac tu re , can be observed . The f ib e r  in  P la te  
XXIX was produced under th e  fo llo w in g  c o n d itio n s  o f  th e  bagasse sep a ra ­
t io n  p la n t ;  th e  No. 1 m i l l  co n ta in ed  a  1 /4  in ch  sc re e n ; th e  No. 2 and 
No. 3 m i l l s ,  1 /8  in ch  s c re e n s . V ater was used on th e  No. 2 and No. 3
129
m ills*  I t  can be no ted  th a t  th e re  a re  some f ib e r  p a r t ic le s  in  th e  p i th
f r a c t io n  shown in  P la te  XXX. This i s  because th e  sample o f p i th  was ob­
ta in e d  from th e  No. 1 m i l l  which con ta ined  th e  1 /4  in ch  sc re e n . T h is  la rg e  
s iz e  sc reen  a llow s some f ib e r  to  pas3 th rough  in to  th e  p i th  f r a c t io n ,  b u t 
t h i s  i s  n o t as  n o tic e a b le  when sm a lle r  sc reen  s iz e s  a re  used .
(2) V ariab les  A ffe c tin g  Power Consumption
The v a r ia t io n  in  t o t a l  power consumption o f th e  Bagasse S e p a ra tio n
P la n t w ith  feed  r a t e  i s  b e s t  seen by r e f e r r in g  to  F igure  7 . The d a ta
p lo t te d  h ere  a r e  from 54 s e p a ra te  runs performed over th re e  g rin d in g  
seaso n s , and in c lu d e  th e  power consumed by th e  r a t in g  o f 81 .5  horsepower 
connected load* Of t h i s  amount, th e  connected lo ad  o f  the  No* I ,  2 and 
3 m i l l s  was 25, 20 and 15 horsepow er, r e s p e c t iv e ly .  I t  i s  n o ted  th a t  th e  
power used per pound o f  bagasse d ec rease s  a s  th e  feed  r a t e  in c r e a s e s .  The 
l i n e  drawn through th e  p o in ts  f o r  th re e  m il l  o p e ra tio n  i s  th a t  o f  the 
e q u a tio n :
25/Wet Feed R a te , L b s ./H r. a KWH/Lb. Vet Feed 
I t  i s  n o t n e c e s s a r i ly  th e  l i n e  which b e s t  re p re s e n ts  th e  p o in ts  on th e  
g raph , a lth o u g h  th e  f i t  seems very  good. Host o f  th e  p o in ts  in  th e  upper 
l e f t  were taken  in  th e  1952 season when th e  r e c i r c u la t io n  pimps were 
s t i l l  in  u se . T h is p robab ly  accounts f o r  th e  s l i g h t  o f f - s e t  o f  th ese  
p o in ts .  I f  i t  were n o t f o r  th e s e ,  a c o n s ta n t o f  24 would make th e  equa­
tio n  f i t  th e  experim en ta l d a ta  b e t t e r .  I t  i s  no ted  th a t  th e  same g en e ra l 
curve i s  a p p lic a b le  to  th e  2 m il l  o p e ra tio n  ex cep t the  eq u a tio n  in  th i s  
case  i s :
17/Wet Feed R a te , L b s ./H r. = KWH/Lb. Vet Feed
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These two curves show th a t ,  w hether 2 o r 3 K i l l s  a re  used in  th e  
Bagasse S ep ara tio n  P la n t ,  the sm a lle s t amount o f  power p er pound o f 
th rough-pu t w i l l  be ob tained  a t  th e  h ig h e s t p e rm iss ib le  feed  r a te s  o f 
bagasse*
F igures 8 and 9 show th e  power consunption d a ta  fo r  each rim p lo t ­
te d  v ersu s the  wet feed r a t e  and th e  w ater r a t e ,  re sp e c tiv e ly *  S ince the  
H/Hr* w i l l  c an ce l, i t  may be s a id  th a t  t h i s  i s  th e  average power demand 
in  K ilo w atts . No co n c lu siv e  tre n d s  were o b ta in ed , th e re fo re ,  h o r iz o n ta l 
l i n e s  were drawn a t  th e  average KWU/Br* o f a l l  th e  ru n s . Because o f 
t h i s ,  one may in f e r  from th e se  p lo ts  t h a t  th e  v a r ia t io n s  in  feed  r a te s  
and w ater r a te s  had l i t t l e  o r  no e f f e c t  on th e  power used p er u n i t  time*
The d a ta  fo r  F ig u res  7 , 8 and 9 a re  recorded  in  Table 11* An average o f 
a l l  th e  KVH/Hr* f ig u re s  from th i s  ta b le  f o r  3 m il l  o p e ra tio n  g iv es  24*8 
and f o r  two m il l  o p e ra tio n , 1 7 .3 .
Table I I I  shows th e  in s tan tan eo u s  power consumption o f  the in d iv id ­
u a l tuumaer m i l l s .  These were taken on a  s t r i p  type re c o rd e r  fo r  the  
fo llow ing  lo ad  c o n d itio n s : id l in g  w ith  no bagasse feed ; bagasse feed  o n ly ;
bagasse feed  p lus steam in je c t io n ;  and bagasse feed  p lu s  w ater in je c tio n *  
V et o p era tio n  consumes about 3 tim es th e  power used when no w ater i s  in ­
je c te d  in to  th e  m ill*
Table IV shows the  load  f a c to r  on. th e  a p p a ra tu s . The f a c to r  fo r  
th e  m il ls  was 34*6£ and fo r  th e  a c c e s s o r ie s , 59.1%.
Some d a ta  were taken on a  sm all hammer m il l  s im ila r  to  P la te  XXIII, 
b u t w ith o u t th e  s lo p in g  head, to  determ ine th e  e f f e c t  o f  feed  r a t e  and 
RPM on power consum ption. These a re  re p o rte d  in  F ig u re  14. The c o r re la t io n
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c o e f f ic ie n ts  fo r  th e  2455, 1135 and 795 RPM l in e s  a r e  *90, *92 and .9 0 , 
r e s p e c t iv e ly ,  and a re  a l l  s ig n i f i c a n t  a t  th e  1% l e v e l .  This p lo t  i s  in ­
cluded  o n ly  to  shov th e  e f f e c t  o f  RPM on th e  pover consiasp tion , s in c e  
n o re  r e l i a b le  f ig u re s  a r e  a v a i la b le  to  shov th e  pover constssption o f  th e  
la rg e  Bagasse S e p a ra tio n  P la n t .  The d a ta  fo r  t h i s  p lo t  v e re  taken  from 
T able X I I I .  S in ce  a l l  o f  th e  l i n e s  in  t h i s  graph converge between 35 
and 38 lb s . / s d n .  feed , one may say  th a t  in  g e n e ra l th e  f a s t e r  th e  feed  
r a t e ,  th e  l e s s  th e  d if fe re n c e  in  pover consiasption due to  a  d if fe re n c e  
in  RPM o f  th e  a i l l .
(3 ) Ash C onten ts o f  B agasse, F ib e r  and P i th
F ig u re  10 shows th e  p lo t  o f  p e r  c e n t ash  in  th e  f ib e r  v e rsu s  p er 
c e n t ash  in  th e  feed  f o r  d ry  s e p a ra t io n . A c o r r e la t io n  c o e f f ic ie n t  o f  
•83 was o b ta in ed  which i s  s ig n i f ic a n t  a t  th e  1% l e v e l .  The re g re s s io n  
eq u atio n  o f  th e  c a lc u la te d  b e s t  l in o  o f  f i t  i s :
I  -  .41X* 1 .18
A n o te  o f  i n t e r e s t  h e re  i s  t h a t  th e  f ib e r  p ro d u c t w i l l  c o n ta in  n e a r ly  
th e  sane p e r c e n t  a sh  a s  th e  b ag asse  i f  th e  bagasse has 2 p e r c e n t  o r  
l e s s  a s h . S in ce  c lean  bagasse  u s u a lly  c o n ta in s  abou t 2 p er c e n t a sh , 
one n ig h t  say  th a t  th e  b ig g e s t inp rovenen t to  be ga ined  f ro n  d ry  o p e ra tio n  
would be w ith  v ery  d i r t y  b ag asse .
F ig u re  11 shows th e  p lo t  o f  per c e n t a sh  in  th e  f ib e r  v e rsu s  p e r 
c e n t a sh  i n  th e  product fo r  wet s e p a ra t io n . A c o r r e la t io n  c o e f f ic ie n t  
o f  .74 was o b ta in ed  which i s  s ig n i f ic a n t  a t  th e  1% l e v e l .  The re g re s s io n  
eq u atio n  o f  th e  c a lc u la te d  b e s t  l i n e  o f  f i t  i s
Y -  .162  x  ♦ 1
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One should n o te  th e  Much sm aller s lope o f 0 ,162 f o r  v e t  o p e ra tio n , 
as  compared to  .41 fo r  d ry  o p e ra tio n . One in te rp r e ta t io n  i s  th a t  fo r  
very  high ash con ten ts  in  th e  bagasse , th e  v e t  o p e ra tio n  can produce a 
f ib e r  vhich i s  much lo v e r  in  ash  than can th e  d ry  o p e ra tio n . There i s  
n o t a g re a t d ea l o f  d iffe re n c e  betvecn th e  two types o f  op era tio n  i f  the  
o r ig in a l  bagasse i s  extrem ely lo v  in  a sh  (2 to  3 per c e n t ) *
Figure 12 i s  a  c o r re la t io n  vh ich  v i l l  p re d ic t  th e  q u a n tity  o f  v a te r  
necessary  to  reduce th e  ash  co n ten t o f  a  c e r ta in  bagasse to  a  s p e c if ic  
q u a n ti ty . The c o r re la t io n  tak es  th e  form o f the  hyperbola:
Y «* 1 .2 /(X  -  0 .5 )  ♦ 1 
To give an a p p lic a tio n  o f  t h i s  graph one can assume th a t  a bagasse 
o f  5 per cen t ash i s  being fed to  th e  u n i t  and i t  i s  n ecessary  to  produce 
a  f ib e r  o f  1 .5  per c en t a sh . In  F igure 12, th e  l in e  o f 1 .5  per c en t ash  
in  the f ib e r  i s  fo llo v ed  to  the  curve and then a v e r t i c a l  l i n e  to  the x 
a x i s .  One o b ta in s  330 pounds o f  v a te r  p er pound o f  ash  in  th e  feed  as 
th e  n ecessary  amount o f  v a te r .  I f  1000 pounds p er hour o f  bagasse i s  
being fed  to  th e  s e p a ra to r , . t h i s  means th a t  50 pounds p er hour o f  ash  i s  
being fe d . F i f ty  tim es 330 i s  equal to  16,500 pounds o f  v a te r /h o u r  o r 
n e a r ly  2000 gallons per hour. As can be seen on th e  graph, th e re  i s  seme 
s c a t te r in g  o f  the  p o in ts  so a  s a fe ty  fa c to ry  should be a llo v ed  i f  i t  i s  
necessary  to  hold the  sep a ra tio n  p la n t  r ig id ly  to  a  maximum per cen t ash  
in  the  f ib e r ;  hovever, above 300 pounds o f  v a te r  p e r pound o f  ash  fed , 
th e  a sh  in  th e  f ib e r  v i l l  be very  u n lik e ly  to  exceed 2 per c e n t. Very 
l i t t l e  red u c tio n  in  ash co n ten t o f the  f ib e r  product i s  ob ta ined  above 
400 pounds o f  v a te r  per pound o f  ash  fed .
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Table V p resen ts  a comparison o f  ash  in  th e  bagasse feed, ash  in  
v e t  separated  f ib e r ,  and ash in  th e  dry separated  fib e r*  These da ta  were 
those used fo r  F igure 10* The data  fo r  F igures 11 and 12 a re  rep o rted  in  
Table VI.
Table VII shows the  approximate reduction  in  ash content vhich  i s  
obtained by each s d l l .  Each succeeding m ill takes out p ro g ressiv e ly  le s s  
ash , u n t i l  in  the  l a s t  s d l l  the f ib e r  i s  reduced from 1.60 per cen t to  
only 1 .3  per cen t a sh . The conclusion th a t  the  th ird  s a i l  i s  no t neces­
sa ry  should n o t be reached on the  b a s is  o f th is  evidence since  fo r  some 
a p p lic a tio n s , such as Celotex board, the increased  f ib r i l l a t i o n  obtained 
in  th is  th i rd  m ill  i s  desirab le*  This v i l l  be d iscussed  in  nore d e ta i l  
la te r*
A stannary o f a l l  the ash analyses i s  reported  in  Table VIII* The 
various co n d itio n s  under vhich the Bagasse S eparation  P lan t vas operated 
a re  in d ic a te d . Again, one sees th e  obvious d iffe ren ce  between dry  and 
v e t separation* The o th e r v a r ia b le s  do n o t seen to  have any im portant 
in flu en ce .
Table IX shovs the  d iffe ren ce  in  Si02 and Fe2© 3  content o f  the  ash 
fo r  the bagasse feed and th e  f ib e r  product. This la rg e  change in  F e ^  
con ten t vas observed q u a l i ta t iv e ly  on many of the ash an a ly ses. I t  could 
be noted by the  pink c o lo r vhich appeared in  the  bagasse ash and th e  ab­
sence o f  th is  co lo r in  the  f ib e r  ash .
(4) P ro p e rtie s  o f Bagasse, F iber and P ith
The p a r t ic le  s i t e  d is tr ib u tio n s  o f the f ib e r  product fo r  sev era l
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runs a r e  re p o rte d  in  Table XV* The average o f  th e se  d e te rm in a tio n s  a re  
re p o rte d  in  F ig u re  19 . In  every  c a s e , th e  f ib e r  p roduct co n ta in ed  more 
than  5 0  p e r c e n t o f  p a r t i c le s  under 1 inch  in  le n g th  and in  most cases  
t h i s  f ig u re  ranged from 70 t o  80 p e r  cen t*
The in c re a se  in  d e n s ity  o f  f ib e r  and p i th  a s  a  fu n c tio n  o f  an in ­
c re a se  in  p re ssu re  i s  re p o rte d  in  T able XVI* A ty p ic a l  curve  to  r e p re s e n t  
th e se  d a ta  i s  shorn in  F ig u re  20. These d a ta  a re  v a lu ab le  in  determ in ing  
th e  c a p a c ity  o f  a  v e s s e l ,  such a s  a  d ig e s te r ,  i f  i t  i s  t o  be loaded  w ith  
lo o se  f i b e r ,  o r  o f  b in s  v h ic h  a rc  to  ho ld  lo o se  f ib e r  o r  p i th  b e fo re  th e y  
a re  f a r th e r  p ro cessed .
The r e s u l t s  o f  th e  d e s ir a b le s  and u n d e s ira b le s  an a ly se s  made du rin g  
the  1953 season a r e  shown in  T able XVII. One should  r e a l iz e  th a t  th e  de­
s i r a b le s  a r e  p r a c t ic a l ly  pure f ib e r  and a  la r g e  p a r t  o f  th e  u n d e s ira b le s  
w i l l  be f ib e r  to  vh ich  p i th  i s  adhering* This i s  ex p la in ed  in  th e  s e c tio n  
on A nalyses. A s a fe  e s t is ia te  vould  be t h a t  th e  f ib e r  product f o r  th e  1953 
season averaged  l e s s  than  10j6 p i t h .  By r e f e r r in g  to  F igure 3 , one may see  
th e  e f f e c t  t h i s  has on th e  q u a l i ty  o f  paper and pulp  from b ag asse . The 
10 p e r  c e n t p i th  f ig u re  vould  correspond  to  th e  20 p e r  c e n t f ig u re  on th e  
x  a x is  o f  t h i s  g raph .
P re ssu re  drop d a ta  vh ich  were c o l le c te d  an th e  p i th ,  f ib e r  and ba­
gasse  a r e  shown in  F igu re  21* The ap p ara tu s  used i s  shown in  F ig u re  6*
The a i r  f lo v  r a t e  was 3 .3 5  f t V a i n .  a s  determ ined  by R eference 14 . The 
a i r  v e lo c i ty  in  th e  to v c r corresponded to  16 in ch es  d i f f e r e n t i a l  p re s su re  
on th e  m ercury manometer a c ro ss  a 1 /8  inch  o r i f i c e ,  in  a  1 /2  in ch  l i n e ,  
u s in g  p ipe  ta p s .  I t  i s  no ted  th a t  th e  p re ssu re  drop th rough th e  f ib e r  i s
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Much le s s  than e i th e r  th e  bagasse o r  p i t h .
For d ry in g  o f  th e  m a te r ia ls  in  t h i s  co lu sn , th e  a i r  r a t e  ranged 
from 2 to  3 cub ic  f e e t  per minute* In  f iv e  days the  p i th  in  th e  tower 
v as  d r ie d  from an o r ig in a l  m o istu re  o f 50 per c e n t to  34 per c e n t in  th e  
top  s e c t io n ,  14 per c e n t in  th e  m iddle s e c t io n , and 4 p er cen t in  th e  
bottom  sec tio n *  For b ag asse , th e  f ig u re s  a re  20 p e r  c e n t in  th e  to p  and 
5 p er c e n t in  th e  c e n te r  and bottom  s e c t io n s .
These r e s u l t s  show th a t  i t  i s  p o ss ib le  to  d ry  bagasse o r  d ry  
sep a ra te d  f ib e r  to  a  very  low m oistu re  co n ten t by blowing unheated a i r  
th rough  a  coltmm o f  bagasse* More ex ten s iv e  work on a  la r g e r  s c a le  was 
done along  th e se  l in e s  du ring  th e  1954 g rin d in g  season^60) .
(5 ) Drain V ater
The d a ta  c o l le c te d  on the  w ater leav in g  th e  s t r a in e r  tan k s  a re  
re p o rte d  in  Table XIV. I t  i s  seen th a t  th e  per c e n t s o l id s  averaged 
on ly  about 1 per c e n t;  however, th e  per c en t mud on s e t t l i n g  fo r  24 hours 
was 12 per c e n t ,  by volvmie. Two graphs were drawn from th e se  d a ta ,
F ig u res  17 and 18* The f i r s t  shows th e  r e la t io n s h ip  between p er cen t 
s o l id s  in  th e  d ra in  w ater and th e  pounds o f  w ater p e r  pound o f  d ry  ba­
gasse  fed  to  th e  t s i i t .  The c o r re la t io n  c o e f f ic ie n t  in  t h i s  case  i s  .8 9 , 
and i s  s ig n i f ic a n t  o f  th e  1% l e v e l .  In  F igure  18 , th e  p lo t  o f  w eight 
p e r  c e n t s o l id s  in  th e  d ra in  w ater v e rsu s  per c e n t mud by volume i s  shown. 
The c o r re la t io n  c o e f f ic ie n t  in  t h i s  case  i s  .9 0 , and i s  s ig n i f ic a n t  a t  th e  
1% l e v e l .  These d a ta  a re  o f  va lue  in  knowing th e  q u a n ti ty  o f  mud which 
would have to  be s e t t l e d  from th e  w ater e f f lu e n t  i f  i t  became n ecessa ry
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to  reuse  the  v a te r  to  p rev en t stream  p o l lu t io n .
To give an a p p lic a tio n  o f  th e se  g raphs, one can assume th a t  10 
pounds o f v a te r  per pound o f d ry  bagasse i s  being used and th e  flow  r a te  
o f bagasse i s  1000 pounds per hour (d ry  b a s is ) .  By u sing  F igure 17, one 
can see th a t  one per cen t s o lid s  i s  to  be expected in  the  d ra in  v a te r  
fo r  10 pounds o f v a te r  per pound o f dry bagasse feed . Then from F igure 
18 one can see th a t  fo r  one p e r c en t s o lid s  in  the d ra in  v a te r  about 
12.5 p er cen t mud by volume can be expected . S ince th e  f lo v  o f v a te r  i s  
10,000 pounds per hour (160 cubic f e e t ) ,  one can expect 20 cubic f e e t  o f  
mud per hour. One should  be reminded th a t  th i s  volume could be reduced 
by a th ick en e r o r any rake mechanism vh ich  vould produce a m ild  a g i ta t io n  
o f the mud to  a id  in  i t s  c o n so lid a tio n . Also th i s  volume i s  based on a 
24 hour s e t t l i n g  tim e.
(6) E valuation  o f the F ib e r Product
(a) K raft Pulping
Samples o f v e t  sep a ra ted  f ib e r ,  d ry  sep ara ted  f ib e r  and ra v  
bagasse from th e  1953 g rin d in g  season v e re  se n t to  the  In te rn a t io n a l  Paper 
Company in  M obile, Alabama, fo r  e v a lu a tio n . The r e s u l t s  o f th e  t e s t s  a re  
rep o rted  in  Table XV1I1. The permanganate number i s  th e  sm a lle s t f o r  the  
v e t  sep a ra ted  pulp denoting  th a t  i t  co n ta in s  l e s s  l ig n in  and v i l l  re q u ire  
l e s s  b leach in g . An im portan t item  i s  th a t  th e  y ie ld  o f  pulp i s  h ig h e s t 
fo r  the v e t sep a ra ted  f ib e r  and i s  a lso  h igh  fo r  th e  dry  sep a ra ted  m a te r ia l .  
S ince  the c o s t o f th e  c e l lu lo s ic  ra v  m a te r ia l  fo r  th e  pulp and paper in ­
d u s try  re p re se n ts  a  la rg e  p o r tio n  o f th e  p r ic e  o f  the f in a l  paper, a  h igh
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y ie ld  i s  im p o rta n t. The h igh  y ie ld  coupled w ith  th e  low perm anganate 
number shows th e  s u p e r io r  q u a l i ty  o f  th e  wet se p a ra te d  f ib e r .  The h ig h ­
e s t  p e r c en t sc reen in g s  f o r  th e  two f ib e r  p ro d u c ts  mean a  l i t t l e  more 
m a te r ia l  would have to  be re c y c led  to  th e  d ig e s te r s  o r  be d isc a rd e d . The 
f a c t  th a t  th e  w et se p a ra te d  f ib e r  pulp  has a  h ig h e r  f re e n e s s  i s  im p o rta n t. 
Bagasse i s  n o to rio u s  f o r  n o t  d ra in in g  w e ll on th e  paper making m achine. 
Even though th e  wet s e p a ra tio n  has improved th e  d ra in in g  a b i l i t y  o f  th e  
p u lp , i t  i s  s t i l l  n o t  a s  good a s  easy  b leach in g  p in e  o r  gum p u lp . The 
f a c t  th a t  th e  a sh  c o n te n t i s  low er f o r  th e  v e t  se p a ra te d  f ib e r  means th a t  
th e re  v i l l  be fe v e r  in p e r fe c t io n s  in  th e  f in a l  paper due to  d i r t  p a r t i c l e s .  
I t  i s  a ls o  approach ing  th e  range o f  a sh  o b ta in ed  in  p ine  and gum p u lp s .
The s ie v e  a n a ly se s  show th a t  th e  amount o f  f in e  m a te r ia l  i s  lo v e r  in  the  
v e t  se p a ra te d  f ib e r  pu lp  than  in  th e  o th e r  two. From th e se  d a ta ,  one 
may see  th a t  a  s ig n i f i c a n t  improvement vas made by th e  Bagasse S e p a ra tio n  
P la n t ,  th e  g r e a te s t  being  fo r  v e t  s e p a ra t io n .
S e v e ra l o f  th e  sm all sample s h e e ts  o f  paper which v e re  made from 
th e  above pu lp s  were te s te d  by th e  G aylord C o n ta in er C orpo ra tion  in  
B ogalusa, L o u is ia n a . These r e s u l t s  a re  re p o r te d  in  Table X V III. No 
d e f in i t e  co n c lu s io n s  can be drawn ex cep t to  say  th a t  th e se  d a ta  re p re s e n t 
a  range o f  f ig u re s  which vould  be expected  from bagasse  o r  f ib e r  pulped 
by th e  K ra ft p ro c e ss .
(b ) Wall Board
The samples id e n t i f i e d  in  T able XIX v e re  s e n t to  th e  C elo tex  
C orpo ra tion  in  M arrero , L o u is ian a , f o r  e v a lu a tio n . The comments in  the  
s e c tio n  aT e stin g  o f  F ib e r  fo r  Use by th e  C e lo tex  C o rp o ra tio n " , (page 103)
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in d ic a te  t h a t  th e  b e s t  f ib e r  p ro d u c ts  a re  b a le s  Mo* 2 , 5 and 7 . These 
v e re  a l l  v e t  se p a ra te d  samples* I t  i s  a ls o  s a id  t h a t  th e se  sam ples a re  
th e  b e s t  s in c e  th e y  have a  h ig h e r f i b r i l l a t i o n  ( le n g th  to  d iam eter r a t io ) *
A gain, th e  v e t  se p a ra te d  f ib e r  i s  shovn to  be th e  b e s t .
*
(c )  P u lp ing  o f  Vet and Dry S ep ara ted  F ib e r  by th e  N eu tra l S u l f i t e
P rocess
The r e s u l t s  o f  th e  p u lp in g s  perform ed in  th e  A pparatus shown 
in  P la te  XXVI a r e  re p o rte d  in  T able XX* T h is  experim ent vas designed  so 
th a t  th e  s ig n if ic a n c e  o f  th e  v a r ia b le s  cou ld  be determ ined  by s t a t i s t i ­
c a l  methods* I t  i s  n o ted  th a t  two c o n d itio n s  v e re  chosen fo r  each o f  5 
v a r ia b le s ,  Tem perature, C hem ical/F iber r a t i o ,  W ater/F iber r a t i o ,  Vet o r  
Dry S e p a ra tio n  o f  th e  F ib e r  and Time* For each o f  th e  32 runs th e  y ie ld  
o f pu lp  vas  re p o r te d  on th e  b a s is  o f  th e  bone d ry  f ib e r  charged to  th e  
d ig e s te r .  Upon com pletion o f  the  runs th e  a n a ly s is  o f  v a rian ce  vas p e r­
formed and a  summary o f th e  v a lu e s  re p o rte d  in  T able XXI* The h ig h e s t  F 
o b ta in ed  i s  th a t  f o r  th e  C hem ical/F iber r a t io *  The d if fe re n c e  in  y ie ld  
caused by t h i s  v a r ia b le  vas 9*7 p e r  c en t and vas found to  be s ig n i f ic a n t  
a t  th e  1 p e r  c e n t le v e l*  The d if f e re n c e  in  y ie ld  due to  tem p era tu res  vas 
4*6 p e r  cen t*  T h is vas  a ls o  s ig n i f i c a n t  a t  th e  1 p e r c e n t le v e l*  The 
d if f e re n c e  in  y ie ld s  o b ta in ed  between d ry  and v e t s e p a ra te d  f ib e r  vas 4 
p e r cent*  T h is  vas found to  be s ig n i f ic a n t  o n ly  a t  th e  5 p e r  c e n t le v e l*  
The o th e r  tv o  v a r ia b le s  o f  Time and W ater/F iber r a t i o  v e re  found n o t to  
be s ig n if ic a n t*  This s ta tem en t shou ld  be q u a l i f ie d  in  th a t  i f  th e  tv o  
tim es v e re  chosen a t  ex trem es, s u re ly  th ey  vould  have been s ig n i f i c a n t .
The in te r p r e ta t io n  i n  t h i s  experim ent should  be th a t  w hether 1*5 hours o r
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2 hours vere  chosen fo r  th e  d ig e s tio n  tim e, no s ig n i f ic a n t  d iffe re n c e  
vould occur in  th e  y ie ld  o f  p u lp . The same can be s a id  fo r  th e  tvo 
v a te r / f ib e r  r a t io s  vhich  v e re  u sed . I t  i s  though t by some in  th e  pulp 
and paper in d u s try  th a t  th e  v a te r / f ib e r  r a t io  and tim e a re  c r i t i c a l  in  
pulp ing  o p e ra tio n s . T h is experim ent does n o t s u b s ta n t ia te  th a t  b e l i e f .
I t  vas  obvious in  view ing th e  pulps th a t  the  h ig h er chem ical co n cen tra ­
tio n  gave a  l i g h t  co lo re d , v e i l  d is in te g ra te d ,  easy  b leach in g  p u lp , 
whereas th e  pulps made from th e  lo v e r  co n ce n tra tio n  were dark in  c o lo r ,  
n o t v e i l  d is in te g r a te d ,  and vould  be d i f f i c u l t  to  b leach .
The TAPP1 Permanganate Numbers v e re  checked on a l l  th e  pulps 
vh ich  v e re  produced. These va lu es  a re  rep o rte d  in  Table XXII. An 
a n a ly s is  o f  v a rian ce  was a ls o  perform ed on th e se  d a ta ,  a  sunwary o f 
vh ich  i s  g iven  in  Table X X III. As can be seen , th e  on ly  v a r ia b le  vh ich  
vas found to  have s ig n if ic a n c e  vas th e  chem ical to  f ib e r  r a t io  and th i s  
v as  a t  th e  1 per c e n t l e v e l .
(7 ) Bagasse Flow Problems
The fo llo v in g  p o in ts  a re  d iscu ssed  in  o rd e r th a t  one may b e t t e r  
understand  some o f  th e  p r in c ip le s  invo lved  in  o b ta in in g  a  continuous 
f lo v  o f  bagasse through an  a p p a ra tu s :
R e fe rrin g  to  P la te  XIX, one can see  th a t  th e re  i s  a  sharp  edge 
where th e  o u t le t  chu te  o f th e  bucket e le v a to r  jo in s  th e  body. I t  vas 
observed th a t  i f  th e  bagasse being  processed  con ta ined  a  q u a n tity  o f  long 
s tr in g y  p iec e s  they  vould have a tendency to  c o l le c t  over th i s  edge.
When enough o f  th e se  c o l le c te d , i t  vould  then  s to p  th e  sm alle r p ieces
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and th e  e le v a to r  would become plugged. Because o f  t h i s  tendency , p ie c e s  
o f  b ag asse , over about one fo o t in  le n g th , were n o t fed  in to  th e  e le v a to r .  
On th e  o ccasion  when th e se  long p iec e s  were p re se n t in  th e  b ag asse , i t  
was only  a  very  sm all p e rcen tag e  o f  th e  t o t a l  q u a n t i ty .
P la te  XVI shows th e  p o in t  a t  v h ich  th e  bagasse  dropped from th e  
main fe ed e r  s c r o l l  in to  th e  No. 1 fe e d e r  s c r o l l .  No d i f f i c u l t y  was en­
coun tered  h e re  excep t a t  th e  v e ry  h igh  feed  r a t e s  (4000 pounds wet bagasse 
p er h o u r ) • These r a te s  co u ld  be o b ta in ed  when th e  bucket e le v a to r  was n o t 
used and th e  bagasse fed  d i r e c t ly  from th e  main conveyor v h ich  handled  th e  
bagasse from th e  g r in d in g  m i l l .  To improve th i s  p o in t  o f  t r a n s f e r ,  th e  
h o le  in  th e  bottom  o f th e  main fe e d e r  s c r o l l  should  be len g th en ed  to  a llo w  
a lo n g e r tim e f o r  th e  bagasse  to  f a l l .  Prom P la te  V, i t  can be seen  th a t  
t h i s  would n e c e s s i ta te  making th e  No. L fe e d e r  s c r o l l  s l i g h t l y  lo n g e r .
I t  can a ls o  be seen , in  P la te  XVI, th a t  i f  th e  h o le  were made w ider the  
s id e s  would become p e r f e c t ly  s t r a i g h t ,  e l im in a tin g  t h a t  r e s i s ta n c e  to  
flow . With t h i s  change, th e re  would be l e s s  tendency f o r  th e  bagasse  to  
jam a g a in s t  th e  end o f  th e  fe e d e r  s c r o l l  a t  h igh  feed  r a t e s .
P la te s  XVII and XVIII i l l u s t r a t e  th e  n e x t p o in t o f  im p o rtan ce . I t  
can  be seen th a t  th e  s c r o l l  b lad e  does n o t  ex tend  a l l  th e  way to  th e  b lin d  
end o f  th e  f e e d e r .  Because o f  t h i s ,  seme m a te r ia l  has c o l le c te d  between 
th e  b lad e  and th e  end o f  th e  f e e d e r , a s  can be observed  in  th e  photograph . 
T his p o in t  on ly  gave t ro u b le  a t  th e  v e ry  h ig h  feed  r a t e s .  In  P la te  V II, 
one can see  an in sp e c tio n  door in  th e  f i b e r  c h u te s .  T h is  door cou ld  be 
opened w hile  th e  a p p a ra tu s  was runn ing  to  check th e  f ib e r  c h u te . A s im i­
l a r  door i s  lo c a te d  in  th e  f ib e r  ch u te  i n  P la te  IX , bu t canno t be see n .
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The obvious improvement h e re  would be to  have a c lo s e r  to le ra n c e  between 
th e  s c r o l l  b lade  and th e  end o f th e  fe e d e r .  I f  th e  No* 2 and No. 3 fe ed e r  
s c r o l l s  were made lo n g e r , t h i s  would a llo w  bo th  th e  r ig h t  and l e f t  (lo o k in g  
a t  photographs) s id e s  o f  th e  f ib e r  chu te  to  d iv e rg e . This would a id  in  
th e  flow  o f  m a te r ia l  s in c e  i t  i s  n ecessa ry  f o r  the  f ro n t  and back s id e s  
o f  the  f ib e r  chu te  to  converge.
One a d d i t io n a l  o b se rv a tio n  i s  th a t  in  conveyors a s  shown in  P la te s  
XXI and XXII th e  f ib e r  p ro d u c t cannot be allow ed to  drop d i r e c t ly  on th e  
chains to  which the  s l a t s  a rc  connected . I f  t h i s  i s  done, the  f ib e r  w i l l  
be fo rced  in to  th e  chain  by th e  sp ro ck e ts  to  such an e x te n t th a t  th e  con­
veyor w i l l  beconc ja n se d .
H. CONCLUSIONS
An ap p a ra tu s  b u i l t  around s p e c ia l ly  designed  swing hawner m il ls  
has been developed which w i l l  s e p a ra te ,  e f f e c t iv e ly ,  th e  p i th  o r  ju ic e  
b earin g  c e l l s  and d i r t  from b ag asse . I t  w i l l  o p e ra te  fo r  extended p e r io d s , 
w ith o u t s to p p ag es, and perform  th e  s e p a ra tio n  e i th e r  w ith  o r  w ith o u t w ater 
in je c t io n .  The p ro cess  i s  co n tin u o u s.
The bagasse used in  > t h i s  in v e s t ig a t io n  was produced from m echanical­
ly  h a rv e s te d  can e . I t  co n ta in ed  more t r a s h  than would bagasse produced from 
hand h a rv e s te d  cane.
The most im portan t v a r ia b le s  a f f e c t in g  th e  amount o f  s e p a ra tio n  a re  
th e  h o le  d iam ete r o f  th e  sc reen s  in  the m i l l s  and wet o r  d ry  o p e ra tio n .
The number o f  hammer m i l l s ,  RPM o f  th e  m i l l s ,  number o f  tw is te d  hammers, 
and feed  r a te  were found to  in f le u n c e  the  amount o f  s e p a ra tio n .
The power used p er pound o f  th ro u g h -p u t was reduced a s  th e  feed  r a t e  
in c re a se d  b o th  fo r  two and th re e  m i l l  o p e ra tio n . This can be p re d ic te d  by 
a sim ple e q u a tio n . The feed  r a t e  and w ater r a t e  were found to  have l i t t l e  
o r  no in f lu e n c e  on th e  t o t a l  power consumption o f  th e  p la n t p er u n i t  tim e , 
b u t f o r  in d iv id u a l  m i l l s ,  i t  was in c re a se d  by w ater o r  steam  in je c t io n .
The c le a n l in e s s  o f  th e  f ib e r  was b e t t e r  f o r  w et o p e ra tio n  th an  fo r  
d ry  a s  in d ic a te d  by th e  a sh  a n a ly s e s . For wet o p e ra tio n , th e  e f f e c t  o f  
w ate r r a t e  on bo th  ash  in  th e  f ib e r  and s o l id s  in  th e  d ra in  w ate r was de­
te rm in ed . The p e r  c e n t s o l id s  in  th e  d ra in  w ate r was c o r re la te d  w ith  th e  
p e r  c e n t mud.
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P a r t ic le  s iz e  d is t r ib u t io n s  o f  the  f ib e r  vere  determ ined , and den­
s i t y  v e rsu s  p re ssu re  r e la t io n s  e s ta b lis h e d  fo r  p i th  and f ib e r .  The 
p re ssu re  drops o f  a i r  flow ing through bagasse f ib e r ,  and p i th  v e re  ob ta ined  
and bagasse vas d r ie d  w ith  low v e lo c i ty ,  unheated, a i r .
The ev a lu a tio n  o f  th e  f ib e r  p roduct shoved th a t  th e  most s ig n i f ic a n t  
v a r ia b le s  on y ie ld  in  N eu tra l S u l f i t e  pu lp ing  v e re  th e  chem ical to  f ib e r  
r a t i o ,  th e  tem peratu re  o f  d ig e s t io n ,  and w hether o r n o t v a te r  vas used on 
th e  hamner m il ls  fo r  s e p a ra tio n . For k r a f t  p u lp in g , th e  v e t sep a ra ted  
f ib e r  vas shown to  be a b e t te r  ra v  m a te r ia l  than  th e  d ry  sep a ra ted  f ib e r ;  
and th e  d ry  sep a ra ted  f ib e r  to  be b e t t e r  than th e  ra v  b ag asse . For manu­
fa c tu re  o f  v a i l  board , th e  v e t  sep a ra ted  f ib e r  vould need l i t t l e  a d d i t io n a l  
r e f in in g  s in ce  i t s  f i b r i l l a t i o n  ( le n g th  to  d iam eter r a t io )  i s  h ig h er than 
th a t  ob ta ined  in  d ry  s e p a ra tio n .
The c o s t  o f  f ib e r  produced from a com aercial s iz e  bagasse p la n t vas 
c a lc u la te d  and found to  be $6 .35  and $5 .52  p er ton  o f  d ry  f ib e r  based on a 
65 day and 130 day o p e ra tin g  season , r e s p e c t iv e ly .  This in c lu d es  th e  c o s t  
o f  bagasse a t  $2.50 p er ton  (d ry  b a s is )  and i s  based on a f ib e r  y ie ld  o f  
60/C o f  th e  whole bagasse . One i s  reminded th a t  in  o rd in a ry  com nercial 
p r a c t ic e ,  v a i l  board m anufactu rers in d ic a te  th a t  f o r  every 100 tons o f  
bagasse  purchased, ab o u t 70 to  75 to n s  i s  p re se n t in  th e  f in is h e d  p ro d u ct. 
Because o f  t h i s ,  th e  a c tu a l  raw m a te r ia l  c o s t  i s  n o t  $2.50 p e r  to n , bu t 
somewhat h ig h e r . I t  i s  th e  au tho r*s op in ion  th a t  th e  dep ith ed  m a te r ia l  
vou ld  n o t be su b je c t to  th e  same lo s s e s  a s  th e  whole bagasse .
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APPENDIX
I .  ECONOMICS OF A BAGASSE SEPARATION PLANT
The fo llo w in g  a n a ly s is  i s  based on a  commercial s iz e  Bagasse 
S e p a ra tio n  P la n t having a c a p a c ity  o f  te n  tim es th a t  o f  the  exp erim en ta l 
u n i t  covered in  t h i s  d i s s e r t a t i o n .  C a lc u la tio n s  a rc  made fo r  both  a 55 
day and a  130 day o p e ra tin g  seaso n .
C ost o f  P la n t
(Am ortized a t  10# per y ea r) 
M aintenance
E l e c t r i c i t y
Water
Bagasse
Bagasse ash to  average 
Ash to  be reduced to  
Average M oisture o f  Bagasse 
Bagasse to  y ie ld
$100,000
$ 2 ,5 0 0 /y c a r  fo r  55 day season 
$ 3 ,500 /year fo r  130 day season 
0 .9  c e n ts  per KWH 
2 c e n ts  p er 1000 g a l s .




60# f ib e r
Bagasse r a te  assumed to  av erag e  17,000 lb s .  o f  d ry  bagasse per hou r. 
Labor -  o p e ra to r  $1 .75  p er h o u r; h e lp e r  $1 .00  p e r  hou r.
No. 1 m il l  to  o p e ra te  d ry  to  reco v er p i t h .
No. 2 and 3 m i l l s  to  o p e ra te  w et.
A 12# l o s t  tim e f a c to r  i s  assumed.
Case I  -  b5 crop  days.
Case I I  -  130 crop  day s .
150
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C ost o f  Bagasse P rocessed  
Case I
17.000 lb s / h r .  x  24 h r s . /d a y .x  0 .88  days/day  x  65 days « 23,337,600 lb s .  
22 0 ^ Y b V t o n 3'~ x  $2 .50  p e r  to p  -  $29,172
Case I I
17.000 l b s / h r .  x  24 h r s . /d a y  x  0 .88  d ays/day  x  130 days * 46 ,675,200 lb s .
lh S ' * $2 .50  p e r ton * $58,344 2000 lb s / to n
Pover Costs
From F ig . 7 , u sing  3400 l b s .  o f  wet bagasse per ho u r, th e  power consumption 
i s  0.0075 KWI^lb. o f  wet bagasse o r 0 .015 KWH/lb. o f  d ry  b ag asse .
Case I
0 .015 KWH/lb. x $0.09 p e r  KWH x 23,337,600 -  $3,151 
Case I I
0.015 KWH/lb. x  $0.09 p e r  KWH x  46,675,200 -  $6,302 
W ater C osts
From F ig . 12, f o r  1 .5 £  ash  in  th e  f ib e r ,  i t  i s  n ecessa ry  to  use 400 lb s .  
o f  w ater p er l b .  o f  ash  in  th e  fe e d .
Case I
400 l b s / l b  x  .05  a sh  x  .12  g a l / l b .  x  23,337,600 lb s .  -  56,000,000 g a ls .  
$0 .02 per 1000 g a ls ,  x 56,000 * $1,120
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Case I I
400 l b s . / l b .  x  .05 ash  x  .12 g a l / l b .  x  46,675,200 lb s .  -  112,000,000 g a ls .  
$0 .02  p er 1000 g a ls ,  x  112,000 -  $2 ,240 .
Labor Costs
Case I
$2.75 per hour x  24 h r s . /d a y  x  65 days ** $4,290 
Case I I
$2 .75  p er hour x  24 h r s . /d a y  x  130 days * $8,580 
F ib e r  P roduction  
Case I
•60 x  23*337,600 lb s .  B 7 , 0 0 1  to n s  
2000 lb s / to n
Case I I
.60 x  — j-Jz-L-. » 14,003 to n s
2000 lb s / to n
P i th  Production
From Table X II, i t  can be seen th a t  a t  l e a s t  1 /2  o f  th e  p i th  produced w i l l  
be removed in  th e  No. 1 m i l l .  The m o is tu re  c o n te n t o f  t h i s  p i th  i s  essen ­
t i a l l y  th e  same a s  th a t  o f  th e  bagasse  s in c e  no w ate r i s  used in  the  No. 1 
m i l l .  At $2 .50  p e r  d ry  to n , which i s  th e  c o s t  o f  th e  b ag asse , th e  p i th  
from the  No. 1 m il l  i s  w orth:
Case I
.40  x  .  4  668 to n s  o f  p i th ,  t o t a l
2000 lb s / to n
1 /2  x  4,668 x  $2.50 p e r  ton “ $5,835
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Case I I
•40 x  46 ,675 ,200 ib g . B 9,335 tons o f  p i th ,  t o t a l  
2000 lb s / to n
1 /2  x  9,335 x  $2.50 p er ton ■ $11,669 
Cost o f  P la n t O perations
Case I Case I I
T o ta l Cost $ /to n o f  f ib e r T o ta l Cost $ /to n  o f
D eprecia tion $ 10,000 $ 1.43 $ 10,000 $ 0.71
M aintenance 2,500 0.36 3,500 0 .25
Pover 3,151 0 .45 6,302 0.45




4 21,060 3.01 $ 30,622 4 2.18
Cost o f  F iber
Case I Case i i
T o ta l Cost $ /to n o f  f ib e r T o ta l Cost $ /to n  o f  ;
Bagasse $ 29,172 $ 4.17 $ 58,344 $ 4.17
Less value o f  p i th  
from No. 1 m ill 5,835 0 .83 1,669 0.83
$ 23,337 4 3.34 $ 46,675 4 3.34
O peration 21,060 3.01 30,622 2.18
T otal c o s t  o f  F iber $ 44,397 4 6.35 $ 77,279 $ 5.52
$44 397
7 001 to n s "  $6 *35 P*r  ton  o t f ib e r  f o r  a 65 day o p e ra tin g  season
$92.150 
14,003 Tons $5.52 per ton  o f  dry f ib e r  fo r  a 130 day o p e ra tin g  season
I t  should  be m entioned th a t  fo r  some types o f  paper and v a i l  board 
a y ie ld  o f  f ib e r  h ig h er than 60JS o f th e  bagasse feed  vould be p e rm itte d . 
This vould fu r th e r  reduce th e  c o s t o f  th e  f ib e r .
In  o rd in a ry  cossoercial p ra c t ic e ,  w a ll board m anufacturers in d ic a te  
th a t  f o r  every  100 tons o f  bagasse purchased , abou t 70 to  75 tons i s  p re­
s e n t in  the  f in ish e d  p ro d u c t. Because o f  t h i s ,  th e  a c tu a l  ra v  m a te r ia l
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c o s t  i s  n o t $2.50 p er to n , bu t sorae.what h ig h e r . I t  i s  th e  a u th o r 's  op in io n
th a t  th e  d ep ith ed  m a te r ia l  vould  n o t be s u b je c t  to  the  same lo s s e s  a s  th e
whole b ag asse . S in ce  th e  amount o f  s e p a ra tio n  ob ta in ed  in  th e  Bagasse 
S e p a ra tio n  P la n t can be a d ju s te d  to  any amount d e s ire d , i t  vould  be o f  ad ­
van tage fo r  th e  w a ll board  m anufac tu rer to  use a  d cp ith ed  ra v  m a te r ia l  to
bo th  reduce h is  lo s s e s  and o b ta in  f ib e r  p a r t i c le s  v i th  a h ig h e r  le n g th  to
d iam eter r a t i o .
*
1 1 . DEFINITIONS^70)
(1 )  Cane -  The raw m a te r ia l  d e liv e re d  a t  th e  f a c to ry , in c lu d in g  c lean
cane, f i e ld  t r a s h ,  w ater, e tc .
(2 ) F ie ld  Trash -  The le a v e s , to p s , dead s ta lk s ,  r o o ts ,  s o i l ,  e t c . ,  de­
l iv e re d  a t  th e  fa c to ry  w ith  the  c lean  cane.
(3) F ib e r -  The d ry , w a te r- in so lu b le  m a tte r  in  the  can e .
(4 ) Normal Weight -  The w eight o f  sample equal to  th a t  w eight o f  pure
sucrose  w hich, when d isso lv ed  in  w ater to  a t o t a l  volume o f 100 
ml a t  20*C, g iv es  a  s o lu tio n  read in g  100 degrees o f th e  I n te r ­
n a t io n a l Sugar S ca le  when examined in  a  sacch arim e te r, in  a tube 
200 nm lo n g , a t  20*C.
(5 ) Pol -  The value  determ ined by d i r e c t  o r  s in g le  p o la r is a t io n  o f  th e
normal w eight s o lu tio n  in  a sacch a rim e te r. The term  i s  used in
c a lc u la t io n s  a s  i f  i t  were a r e a l  substan ce .
(6 ) Sucrose -  The d isc c h a rid e  known in  chem istry  as  saccharose  o r  cane
sugar (C i2 H2 2 ° l l ) •
(7 ) B rix  -  The p e r c e n t by w eight o f  s o l id  m a tte r , a s  in d ic a te d  by a
■Brix* s p in d le  o r o th e r  d en s im etric  d ev ice .
(8) G rav ity  S o lid s  -  The w eight o f  s o l id s  c a lc u la te d  from th e  B rix
d e te rm in a tio n s .
(9 ) P u r ity  -  The percen tage o f  P ol in  th e  B rix  o f G rav ity  S o lid s .
(10) U ndiluted J u ic e  -  The ju ic e  expressed  by th e  m ills  o r  r e ta in e d  in  th e
bagasse , c o rre c te d  fo r  im b ib itio n  w a te r.
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(11) L ast M ill Ju ic e  -  The ju ic e  expressed by th e  l a s t  m il l  o f  the tandem.
(12) L ast Expressed J u ic e  -  The ju ic e  expressed  by th e  l a s t  two r o l l e r s  o f
th e  tandem.
(13) Mixed Ju ic e  -  The ju ic e  s e n t  from th e  c ru sh in g  p la n t to  the  b o ilin g
house*
(14) Bagasse -  The Residue ob ta in ed  from cru sh in g  cane in  one o r  more
m i l l s .  Known r e s p e c t iv e ly  a s  F i r s t  m i l l  bagasse, Second m il l  ba­
g asse , e t c . ,  and a s  L ast m il l  bagasse , o r  F in a l bagasse, o r  sim ply 
bagasse , when th e  m a te r ia l from th e  l a s t  m ill  i s  m entioned.
(15) R esidual J u ic e  -  The ju ic e  l e f t  in  the  bagasse; bagasse minus f ib e r .
(16) Im b ib itio n  -  The process in  which w ater o r  ju ic e  i s  p u t on th e  ba­
gasse to  mix w ith  and d i lu te  th e  ju ic e  p re se n t in  th e  l a t t e r .  The 
w ater so used i s  ten sed  im b ib itio n  w a te r .
(17) M aceration -  The p rocess  in  which th e  bagasse i s  s teep ed  in  an ex­
cess  o f  w ater o r ju ic e ,  g e n e ra lly  a t  a  high tem p era tu re . The w ater 
so used i s  ten sed  m aceration w ater.
(18) D ilu tio n  Water -  That p o r tio n  o f  the  im b ib itio n  o r m aceration  w ater
p re se n t in  th e  mixed ju ic e .
ABBREVIATIONS
KWH -  -  -  -  K ilow att-hou r
KW -  -  -  -  K ilow att
HP -  -  -  -  Horse Power
RPM -  -  -  -  R evolu tions p er m inute
F ig . -  — — — F igure
Lb. -  -  -  -  Pound
LSU -  -  -  -  L ou isiana S ta te  U n iv e rs ity
H r. -  -  -  -  Hour
M in .- -  -  -  Minute
ii —  -  -  -  inch es
i -  -  -  — — F ee t
F t .  -  -  -  -  F ee t o r Foot
p . -  -  -  -  -  page
x  a x is  -  -  H o rizo n ta l a x is  o r a b s c is s o r
y  a x is  -  -  V e r t ic a l  a x is  o r  o rd in a te
No. -  -  -  -  Nunber
i . d . -  -  -  -  In s id e  D iam eter
C o n t 'd . -  -  Continued
B .D .- -  -  -  Bone Dry, c o n ta in in g  no m o istu re  
MCF -  -  -  -  1000 cub ic  f e e t
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I I I .  SUMMARY OF CALCULATIONS
A. M ate ria l Balance
The fo llow ing  s e t  o f  sample d a ta  and c a lc u la t io n s  a rc  included  so 
th a t  one may b e t t e r  understand th e  r e s u l t s  re p o rte d  in  t h i s  in v e s t ig a t io n .
One F ac to r th a t  has n o t been exp lained  o r i s  n o t s e l f  ex p lan a to ry  
i s  the  68 pounds o f p ith  re p o rte d  a s  assumed lo s s  (p . 173). This f ig u re  
i s  a c tu a l ly  5# o f  th e  dry  bagasse feed  and was e s ta b lis h e d  by a w ater 
balance around th e  Bagasse S ep ara tio n  P la n t .  T h is  lo s s  fa c to r  became 
n ecessary  when a change was made from weighing th e  f ib e r  during  th e  1952 
season to  weighing the  p i th  in  th e  '53 and '54 seaso n s . The fo llow ing  i s  
the Basic M a te ria l Balance:
F ib er + P ith  ♦ S o lid s  l o s t  in  d ra in  w ater n Feed
I f  th e  Feed and F ib e r  a re  weighed, then th e  P i th  and S o lid s  in  the 
d ra in  w ater can be combined in to  one term and c a lle d  P i th .  However, i f  
the P ith  and Feed a re  weighed, th e  S o lid s  in  the  d ra in  w ater becomes an 
im portan t item  s in c e  i t  i s  the F ib e r  th a t  i s  o f most im portance. The 
q u a n tity  o f w ater going to  the d ra in  i s  n o t known s in ce  so much o f i t  goes 
ou t in  th e  f ib e r  and p i th .  A w ater balance i s  n ecessa ry .
Water in je c te d  in  m il ls  ♦ w ater in  Bagasse = Water in  P i th  + Water 
in  F ib e r  ♦ Water to  th e  D rain .
For the  sample d a ta :
Water in je c te d  » 17,640 lb s .
Water in  Bagasse *» 2780 x  .513 «• 1.400 lb s .
T o ta l e n te r in g  19,040 lb s .
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W ater in  P i th  from No. 1 H i l l  ** 454 x  .504 “ 229
W ater in  P i th  from No. 2 and 3 M ills  » 1996 x  .896 g 1,785
T o ta l in  P i th  2,014 lb s .
The w a te r in  th e  f ib e r  needs to  be c a lc u la te d .  T h is i s  done by 
m ak in g  an assum ption o f  th e  amount o f  s o lid s  p ass in g  down th e  d ra in :
F i r s t  Assumption fo r  S o lid s
W ater in je c te d  x  s o l id s  ** 17,640 x  .0091 a 160 l b s .  o f  s o l id s ;  then
W ater in  F ib e r  =« l b s * d ry  feed  "  l b s * *** p i th  ~ lbs> dry  s o lid s  to  d ra in
f ra c t io n  d ry  f ib e r
x  F ra c tio n  H2 O in  F ib e r
o 1354 -  433 - 1 6 0  x  Q3 m 3?20 
.17
The amount o f  d ra in  w ate r Can now be c a lc u la te d :
19,040 » 2,014 + 3,720 + d ra in  w a te r 
13,306 lb s .  a d ra in  w ater
Second Assumption fo r  S o lid s
13,306 x  .0091 0  121 lb s .  s o lid s
W ater in  F ib e r  -  ^-i.345. " , .^ 3 T. 121 x  .83 -  3,910
19,040 -  2 ,014 ♦ 3,910 ♦ d ra in  w ater 
D rain Water B 13,116 lb s .
T h ird  Assumption o f S o lid s
13,116 x  .0091 a 119 lb s .  s o lid s  
This 119 l b s .  i s  very  c lo se  to  th e  second assum ption which gave 121 lb s .
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This f ig u re  i s  about 9% o f  th e  fe ed . The reason  th a t  i t  i s  h igh  i s  t h a t ,  
a t  h ig h  w ater r a t e s ,  Btuch w a te r was d ra in ed  from the  f ib e r  s t r a i n e r  tank  
and f ib e r  p roduct tank  which was n o t sam pled, because th e  d isc h a rg e  was 
in a c c e s ib le .  This w ater was n o tic e a b ly  c le a n e r  than t h a t  from th e  p i th  
s t r a i n e r  ta n k . At th e  low er w ater r a t e s ,  n e a r ly  a l l  th e  w ate r was d i s ­
charged from th e  p i th  s t r a i n e r  ta n k s , th e r e fo re ,  th e  f ig u re s  f o r  s o l id s  
l o s t  down th e  d ra in  on th e s e  r u is  a r e  more accu ra te*  Below i s  a  summary 
o f the check th a t  was made:
Run No. P er Cent o f  Feed L ost in  B rain  W ater
l b .  w ater 
l b .  Jeed
C-54-2 5 .0 6 .70
3 2 .3 4 .7 0
4 3.7 6.70
5 12.0 15.90
6 6 .4 8 .70
8 11.9 11.40
9 5 .0 4 .13
10 2 .3 5.33
11 5 .0 8 .45
12 2.7 11.20
13 8 .6 15.12
14 7 .3 17.56
Awerage, d isc a rd in g 4.6%
ru n s  5 and 8
A c tu a lly , w hether a  4 , 5 o r  6 per c e n t lo s s  was assu n ed , i t  would n o t  
a f f e c t  th e  r e s u l t s  s ig n i f i c a n t ly .  T his assum ption was made so th a t  th e
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f ib e r  to  feed  r a t i o  vould  be more a c c u ra te  and n o t over e s tim a te d . An­
o th e r  way to  account fo r  th e  5 p e r  c e n t lo s s  vould be to  a ssu ae  th a t  th e  
raw bagasse con ta in ed  5 p er c e n t so lu b le  s o l id s  and th a t  a l l  o f  th e se  v ere  
removed on th e  v e t  ru n s . This vould n o t be a  f a l s e  assum ption c o n s id e rin g  
th a t  bagapse i s  purchased in  L o u is ian a  on th e  b a s is  o f  6 p e r  c e n t  so lu b le  
s o l id s  i f  an a ly se s  a rc  n o t made.
F o n ta in e ^ * )  re p o rte d  a  f ig u re  o f  approx im ate ly  5 p e r c e n t o f  th e  feed  
a s  l o s t  by v e ig h in g  bo th  th e  f ib e r  and th e  p i th  and de term in ing  t h e i r  
m o is tu re s .
For th e  runs in  v h ich  no w ater was used on th e  m i l l s ,  th e  lo s s  f a c to r  
was co n sid e red  to  be z e ro . A c tu a lly , th e re  may have been s p i l la g e s  amount­
in g  to  one o r  two p e r c e n t .
B. Sample Data and C a lcu la tio n s
Run No. -  F-54-o
TIME OF RUN:
Time of S topping 
Time o f S ta r t in g  
Time Elapsed
POWER USED:
K-W Meter Reading a t  End o f Run 
K-W Meter Reading a t  S t a r t  o f Run 
K-W Hours Used (N x 1*5)
WATER USED:
M eter Reading a t  End o f Run 
Meter Reading a t  S t a r t  o f Run 
Water Used
BAGASSE ON BONE DRY BASIS:
Net Weight o f  Wet Feed Bagasse 
Weight o f Bone Dry Feed 
Bone Dry Feed Rate 
Wet Feed Rate
A
FIBER ON BONE DRY BASIS:
Net Weight o f  Wet F ib e r 
Weight o f Bone Dry F ib e r 






1 .5  x 15.1 ** 22.7
32,840
31,076
1,764 » 17,640 lb s .
2,780
1,354
1,310 lb s /h r  
2,690 lb s /h r
5,050
853
825 lb s A r
v 172
1 7 3  !
PITH:
“  NO. 1 H i l l  NO. 2+3 M ill Loss_______ T o ta l
Net Weight o f  Wet P i th  454 1,996 Assumed
Weight o f  Bone Dry P ith  225___________ 208__________ 68_________ 501,
% P i th  Removed in  M ill #1 45
F ib er/F eed  R a tio  (Bone Dry) 0.63
K-W Hours Used/Weight Bone Dry Feed 0.167
K-W Hours Used/Weight Bone Dry F ib e r  0.0266 KWH/lb.
Weight Water Used/Weight Bone Dry Feed 13 .0  l b s / l b .
Weight Water Used/Weight Bone Dry F ib e r  20 .6  l b s / l b .
Weight o f  D es irab le s  —
Weight o f  U ndesirab les —
P er Cent Feed Removed As P i th  36.8
Per Cent D es irab le s  —
P er Cent Feed Removed No. 1 M ill 16 .6
No. 1 M ill Dry 
No. 2 M ill Wet 





T o ta l Wt. A f te r  Drying 48.7
T o ta l M oisture L ost 51 .3
P er Cent M oisture 51 .3
P er Cent Bone Dry Sample 48 .7
SUCROSE CONTENT:
Sample Weight
T o ta l Wt. A f te r  D igest
Capsule Weight
Wt. o f  Bagasse P lus E x tra c t
Weight o f F ib e r
Weight o f E x tra c t
P o la r iz a tio n  ( in  400 ran tube)
From S c h m itz 's  Table
S u c .(p o l)  in  S o lu tio n
Sue. in  Bag.  ^ x 
100
BAGASSE DATA:
Date Ground -  11-4-54 
Type Cane -  Alma and S t .  G ab rie l
-  F-54-6
































Run No. -  F-54-b
Tare and Wet F ib e r 473.7
Tare 87.0
Weight o f  Wet F ib e r 386.7
1 -  (M oisture) ■ 0.17
Weight o f  Dry F ib er 65.7
D istance from top 









7 -1 /4  






D istance  from to p  edge 
(Average ♦ l i d )
5 -1 /8 7-1 /4 8 -3 /4 9 -1 /2
D istance  from bottom 32 26-7/8 24-3/4 23-1/4 22-1 /2
Volume, f t 3 18.1 15.2 14.0 13.1 12.7
D en sity , l b s / f t ^ 3.63 4.32 4 .69 5.02 5.17
T otal Weight 0 218 370 541 727
l b s . / f t 2 32.1 54.5 79.7 107.2
PARTICLE SIZE FIBER
1/2 '» 32.6#
1 /2 « •-  l»t 29.7$
1 "  -  1 -1 /2 " 8 .8 $ •
1-1/2»• -  2" 14.8$
2 "  -  2 -1 /2 # 2.3$
2- 1/ 2 # ♦ 11. 7$
176
BACASSE
Tare and Bagasse 
Tare
Wt. o f  B.D. Bagasse 
Tare and Ash 
Wt. o f  Ash 
% Ash in  Bagasse 
Average
FIBER
Tare and F ib e r 
Tare
Wt. o f  B.D. F ib e r 
Tare and Ash 
Wt. o f  Ash 
% Ash in  F ib e r
SOUPS IN DRAIN WATER 
Tare ♦ W ater 
Tare
S o lid s  + Water 
Tare ♦ S o lid s  
Tare 



























6 .39  6 .81
6 .35
MUD
T o ta l Volisne 1000 ml 
Mud a f t e r  24 h r s .  130 ml 
% Mud 13*
1.732
% S o lid s  » 1 .7 3 2 /1 9 0 .8  x  100 « 0 .91*
C. STATISTICAL CALCULATIONS
The p a s t  few y ea rs  have s e a t  th e  developm ent o f  a  new approach to  
many ty p es  o f  ex p e rim en ta tio n . T h is developm ent has been based on prob­
a b i l i t y  th eo ry  and th e  tech n iq u es  have become lo o se ly  known as  s t a t i s t i c a l  
m ethods. The o r ig in a l  developm ents in  t h i s  f i e ld  were m o tiva ted  by e x p e r i­
m en ta tion  in  th e  b io lo g ic a l ,  a g r i c u l tu r a l  and s o c ia l  sc ie n ce  f i e ld s .  The 
f i r s t  in d u s t r i a l  a p p lic a t io n  o f p r o b a b i l i ty  th eo ry  was i n  th e  w ell known 
f i e l d  o f  q u a l i ty  c o n t r o l .
The prim ary c o n tr ib u tio n  o f  s t a t i s t i c a l  methods to  the  chem ical 
f i e ld  i s  in  th e  methods fo r  e x tr a c t in g  c o r re la t io n s  from d a ta  co n ta in in g  
dependent and independent v a r ia b le s  ( f o r  in s ta n c e ,  y ie ld  vs feed  r a te )  and 
in  th e  methods fo r  d es ig n in g  ex perim en ts. E ngineers have developed a  f a ­
c i l i t y  f o r  e x tr a c t in g  in fo rm atio n  from t h e i r  d a ta ,  o f te n  tim es by awkward 
means, and have n o t ,  in  g e n e ra l, gained  an a p p re c ia tio n  o f s t a t i s t i c a l  
m ethods. For th e se  re a so n s , an a tte m p t was made in  th i s  d i s s e r ta t io n  to  
ap p ly  some o f th e  most w idely  accep ted  methods to  th e  desig n  o f  experim ents 
and th e  d e te rm in a tio n  o f  cause and e f f e c t  r e la t io n s h ip s .
Use was made o f c o r re la t io n  c o e f f ic ie n ts  and re g re s s io n  e q u a tio n s . 
These two item s, a lth o u g h  c a l le d  by d i f f e r e n t  names, a re  c a lc u la te d  
s im u ltan eo u sly  due to  th e  s im i la r i ty  o f  th e  m ethods. Use was a ls o  made 
o f  a n a ly s is  o f  v a r ia n c e  tech n iq u es  which a id  in  th e  design  o f experim en ts.
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1 . Regression Equations 
This i s  used to  p re d ic t  th e  most l i k e ly  measurement in  one v a r ia b le  
from the known measurement in  another*
Sample Data
Run No. X (independent v a r ia b le )  Y (dependent v a ria b le )
1 14.3 10.8 £ = sum
2 12.8 11.4 X = measured value
3 12.7 13.0 X 3 Mean of inde­
4 10.6 14.6 pendent v a r ia b le
5 10.7 13.6 x » X -  X
6 13.0 12.2 Y *' measured value
7 14.4 10.7 2 * Mean of dependent
8 12.5 12.8 v a r ia b le
9 8.7 16.2 y  -  Y -  2
10 12.2 11.8
Sum 121.9 127.3
X » 12.19 Y -  12.73
R egression C o e ff ic ie n t = b ■ Slope o f the s t r a ig h t  l in e  o f  b e s t  f i t
b -  number o f u n its  change in  a  dependent v a r ia b le  fo r  each u n i t  o f  in ­
c rease  in  an independent v a r ia b le .
b » change in  Y 
u n i t  change in  X
b i s  e i th e r  + o r -
S ince: £ (X -  X ) 2  -  £ x* -  EX2 -
£ (X -  X) (Y -  7) ■ E x  y * £XY -
b » ^  Y -  (S ( £Y)/N „ -26 .33  * . .9 5  
£ X2 -  (£X)tyN 27.65
b i s  the  s lope o f  the  s t r a ig h t  l in e  which b e s t f i t s  th e  d a ta ; th a t  i s ,  th e
l in e  where th e  sum o f  squares o f  th e  d e v ia tio n s  i s  a t  a  minimum.
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To f in d  p o in ts  to  p lo t :
Y = b x  + A 
A » 7  -  b£
A » 12 .73  ♦ .95 x  12 .19  -  24.31
Y -  24.31 -  .95x
F or X -  8 Y « l b . 71 
For X -  15 Y “ 10.06 
These two p o in ts  a r e  then  p lo t te d  on re c ta n g u la r  c o o rd in a te s  and th e  l in e  
drawn between them i s  th e  one which b e s t  f i t s  th e  above sample d a ta .  The 
judgem ent a s  to  w hether a  cause  and e f f e c t  r e l a t io n  e x i s t s  i s  n o t s t a t i s t i c a l .
The Value o f  r  ran g es  from +1 to  -1
♦1 in d ic a te s  p e r f e c t  p r o p o r t io n a l i ty .
-1  in d ic a te s  p e r fe c t  in v e rse  r e la t io n s h ip .
0 .0  in d ic a te s  no r e la t io n s h ip  between two v a r ia b le s .
r  i s  then  a  m easure o f  th e  e x te n t o f  r e la t io n s h ip  between two v a r ia b le s .
2 . C o rre la tio n  C o e f f ic ie n t ,  r ,
EX2 -  -  E (1 4 .3 )2 ♦ . . . . +  (1 2 .2 )2 -  (A21*9) 2 » 27." 65
10
-  27.52
EXY -  o e  (1 4 . 3  x  io ,8 )  ♦ . . . .  + (1 2 .2  x  11 .8 ) -
= -2 6 .3 3
121 .9  x  127.3 
10
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r  -  -----——— ----------  * ~?6 *33 > - .9 5 5
27.65 x  27.52 27*58
To determ ine degrees o f  freedom ( d f ) :
d f  ■ N -  No. o f  V ariab les  where N equals  th e  number o f  s e ts  o f  d a ta .  
1 0 - 2 - 8  degrees o f  freedom .
From Table VI, page 408, R eference 3: 
r  fo r  5% le v e l  => .632 
r  fo r  \% l e v e l  *» .765 
S ince  th e  c a lc u la te d  r  in  th e  above case i s  .955 and la r g e r  than .765, the  
c o r re la t io n  i s  s ig n i f ic a n t  a t  th e  1 p e r c e n t l e v e l .
r^  -  ( - .9 5 5 )^  -  .912 o r 91$ o f th e  v a r ia t io n  which occurs in  Y was accounted 
fo r  by a s s o c ia tio n  w ith  X.
For r  equal to
Less than  .20 -  s l i g h t ;  a lm ost n e g l ig ib le  r e la t io n s h ip .
.20 to  .40  -  Low c o r r e la t io n ;  d e f in i t e  b u t sm all r e l a t io n .
.40 to  .70 -  Moderate c o r r e la t io n ;  s u b s ta n t ia l  r e l a t io n .
.70 to  .90 -  High c o r r e la t io n ;  marked r e la t io n s h ip .
.90  to  1 .00  -  Very h igh  c o r r e la t io n ;  very  dependable r e l a t io n .
Due c o n s id e ra tio n  should  be g iven to  th e  deg rees o f freedom when 
e v a lu a tin g  th e  meaning o f  the  c o r re la t io n  c o e f f i c i e n t .  One may sec in  
the sample ta b le  how th e  value o f th e  c o r re la t io n  c o e f f ic ie n t ,  which i s  
re q u ire d  to  be s ig n i f i c a n t ,  v a r ie s  w ith  th e  number o f  degrees o f  freedom.
i
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Sample o f  S ig n if ic a n t  r  Values







The v a lu es  o f r  which c o n s t i tu te  th e  1 per c e n t and 5 per cen t 
le v e ls  o f  confidence have been ta b u la te d  (page 610, R eference b ) . That 
i s ,  i f  no r e a l  c o r re la t io n  e x is te d  between two v a r ia b le s  and d a ta  were 
taken and th e  c o r re la t io n  a ttem p ted  100 tim es an r  v a lu e  equal to  o r 
g r e a te r  than  th e  s ta te d  amounts fo r  th e  5 p er c e n t and 1 per c e n t le v e ls  
would be expected  5 tim es and 1 tim e , r e s p e c t iv e ly .  When an  r  g r e a te r  
th an  th e  1 p er c e n t le v e l  i s  o b ta in ed  one may then  say  th a t  he i s  99 per 
c e n t su re  t h a t  th e  c o r r e la t io n  r e a l l y  e x i s t s .
3 . A nalysis  o f  V ariance
The a n a ly s is  o f  v a r ia n c e  i s  n o t a m athem atical theorem , b u t r a th e r  
a  conven ien t method o f  a rra n g in g  th e  a r i th m e t ic .  J u s t  a s  in  a r i th m e t ic a l  
t e x t  books, r u le s  a re  g iven on how to  work o u t a sum, so i t  i s  w ith  th e  
a n a ly s is  o f  v a r ia n c e . I t  i s  conven ien t in  two ways: (1) i t  b r in g s  to  ones
a t te n t io n  a  mass o f d a ta  in  which th e  co n ten t o f  th e  whole i s  r e a d i ly  ap­
p re c ia te d .  Probably  everyone who has used th e  a n a ly s is  o f  v a r ia n c e  lias 
found th a t  com parisons which were n o t p re v io u s ly  a p p a re n t, a r e  made obv ious,
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because they  a re  n ecessa ry  item s o f  th e  an a ly s is*  (2 ) I t  i s  conven ien t 
in  f a c i l i t a t i n g  and reducing  to  a  common form a l l  o f  the t e s t s  o f  s ig n i f ­
ic an ce  which one may want to  a p p ly .
The t e s t  o f  s ig n if ic a n c e  in  connection  w ith  th e  a n a ly s is  o f  v a rian c e  
i s  designed  to  say  w hether o r n o t s e t s  o f  d a ta  a re  s u f f i c i e n t ly  d i f f e r e n t  
from one an o th e r to  r e j e c t  o r  a c c e p t th e  h y p o th esis  t h a t  th e se  d if fe re n c e s  
were caused by random sam pling from the  same p o p u la tio n .
The t o t a l  sum o f  squares i s  based upon th e  d e v ia tio n s  o f a i l  v a lu es  in  th e  
a n a ly s is  about th e  mean o f  a l l  th e  v a lu e s .
The stsn o f sq u ares  w ith in  groups i s  based upon th e  d e v ia tio n s  o f  th e  v a rio u s  
m easures from th e  means o f  th e  sam ples o f which th ey  a re  a  p a r t .
The sum o f squares between groups i s  based upon th e  d e v ia tio n s  o f th e  means 
o f  the v a rio u s  sam ples from the mean o f  th e  combined sam ples.
In  th e  f i r s t  example below the  t o t a l  v a ria n c e  has been d iv id ed  in to  
two p a rts*  th e  between column v a r ia n c e  and th e  w ith in  column v a r ia n c e . The 
second example i s  th e  same a s  th e  f i r s t  ex cep t th e  t o t a l  v a ria n c e  has been 
d iv id e d  in to  th re e  p a rts*  th e  between column variance*  th e  between row 
v a r ia n c e  and th e  r e s id u a l .  The columns a re  assumed to  be v a r ia t io n s  in  
one experim en ta l v a r ia b le  and th e  rows to  be v a r ia t io n s  in  an o th e r  v a r ia b le .
Sample C a lc u la tio n  o f  A n aly sis  o f  V ariance 
(R eference 3* page 274)
Columns
1___  2 3 4 5 Sum
A 18 20 20 21 21 100
Rows B T7 19 19 20 20 95
C 16 17 18 19 20 90
(co n tin u ed  on n e x t page)
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Sample C a lc u la tio n  of A nalysis  o f V ariance 
(Continued)
Columns
1 2 3 4 5 Sum
............. D
Rows
To d iv id e  the  t o t a l  v a rian ce  in to  two p a r t s ,  one makes the  fo llow ing  
c a lc u la t io n s :
1 b  ' "T b — 17 i s 18 85
£ lb l b 15 i i l b 80
Sum 83 88 89 95 95 450
T o ta l (1 8 )2 + (17)2  + (ifc)2 + . . . .  + ( l b ) 2 -  » 78.
I s
00
Columns iS J )1  ♦ ♦ iS 2 l2  ♦ iS S l !  ♦ i2 S l5  -  „ 2 0 .Q0
--------------- 5 5 5 5 5 25
W ithin Columns = 78 -  20.80 -  57.20
Source o f Sum o f Degrees o f  Mean
V aria tio n  Squares______ Freedom Square
1.82
Between Columns 20.8 4 5.20
W ithin Columns 57 .2  20 2.8b
T o ta l 78 .0  24
From Table V III , page 410, R eference 3 , an F o f 1 .82 fo r  4 and 20 
degrees o f freedom i s  n o t s ig n i f i c a n t ,  t h a t  i s ,  i t  was n o t shown th a t  the 
coluan v a r ia b le  caused more v a r ia t io n  than th a t  caused by randomness. The 
d iv is io n  of the  t o t a l  a t  v a rian ce  in to  th re e  p a r ts  w i l l  account fo r  the 
v a rian ce  caused by th e  row v a r ia b le  and the  t e s t  becomes s ig n i f ic a n t  as 
shown below.
The degrees o f  freedom f o r :
T o ta l sum o f squares = N -l
Between columns sum o f  squares a r -1
W ithin groups sum o f squares » N -r
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N -l » (N -r) + ( r -1 )  
where: N ** t o t a l  number o f cases
r  * number o f  columns 
I f  the  between rows sum o f  squares i s  used , as  in  th e  fo llow ing  c a se , th e  
degrees o f freedom a re  th e  number o f  rows minus one.
To d iv id e  th e  t o t a l  v a r ia n c e  in to  th re e  p a r ts  one has to  make an 
a d d i t io n a l  c a lc u la t io n :
Ro™ ( i y » 2  * i i s i !  * i a a i S  ♦ ♦ L s s il -  (■*sq) 2  . 5 0 . 0 0
  S 5 5 5 5 25
R esidual *» 78 -  20.80 -  50.00 « 7.20
Source o f  Sum o f Degrees o f  Mean
V aria tio n  Squares Freedom Square *
Between Columns 20 .8  4 5 .20  11.5b
Between Rows 50.0 4 12.50 27.78
R esidual 7 .2  16 0 .45
(From Table Y III , p . 410, R ef. 3) 
T o ta l 78 .0  24 1^ le v e l  a t  4 and 16 d f  « 4 .77
5^ le v e l  » 3 .0 1 .
S in ce  th e  between row and between column d if fe re n c e s  a r e  s ig n i f ­
ic a n t  in  t h i s  case  a t  th e  1 p er c e n t l e v e l  one may say  th a t  th e  d if fe re n c e s  
o b ta in ed  were a c tu a l ly  caused by th e  v a rio u s  experim en tal c o n d itio n s .
T est o f  S ig n if ic a n c e  (R eference 3 ) .  Under th e  c o n d itio n s  o f random 
sam pling from a common normal p o p u la tio n , th e  mean square  between groups 
may be expected to  d i f f e r  on ly  w ith in  th e  l im i t s  o f  random sam pling. The 
r a t i o  between th e  two mean squares w i l l  g ive F , th e  d i s t r ib u t io n  o f which 
was d isco v e red  by F ish e r  and which has been ta b u la te d  by Snedecor in  th e  
form:
F « aean  square between groups 
mean square  w ith in  groups
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I f  the mean square  in  th e  num erator i s  s ig n i f i c a n t ly  l a r g e r  than  th a t  in  
the  denom inator, th e  h y p o th esis  o f random sam pling from a common p o p u la tio n  
v i l l  be re je c te d *  This vould  in d ic a te  th a t  th e  means o f th e  groups d i f f e r  
more than can reaso n ab ly  be expected  in  random sam pling from a common pop­
u la t io n  . The v a lu es  o f F which c o n s t i tu te  th e  1 p er c en t and 5 per c e n t 
l e v e ls  o f  confidence have been ta b u la te d  (R eference 3 , page 410); th a t  i s ,  
i f  no r e a l  d if fe re n c e  e x is te d  and a t e s t  were perform ed 100 tim es , an F 
value equal to  o r  g r e a te r  than  th e  s ta te d  amounts fo r  th e  5 per c e n t and 
1 per c e n t le v e ls  would be expected  5 tim es and 1 tim e , re sp e c tiv e ly *
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SUMMARY OF STATISTICAL CALCULATIONS 
(D e ta ils  o f  Methods, R eferences 3 and 6)
A nalysis  o f  V ariance
(1 ) Per Cent Feed Removed .is P i th  from th e  No. 1 H i l l  (T able  X)
Source Sum of Degrees o f Mean
Squares Freedom Square F
Between Groups 692 2 346 6 .2
W ithin Groups 1,123 27 41 .6
T o ta l 1 ,815 29
F a t  th e  1 per c e n t le v e l  fo r  2 and 27 degrees o f  freedom c 5.57
(2) T o ta l P ith /F eed  R atio  (T ab le  XI)
Source Sum o f Degrees o f Mean
Squares Freedom Square F
Between Groups 420 2 210 19.4
Between Rows 592 4 148 13.7
R esidual 215 20 10.8
T o ta l 1,227 26
For th e  1 per cen t le v e l  fo r  2 and 20 degrees o f  freedom -  5.85
For th e  1 p e r c e n t le v e l  fo r  4 and 20 degrees o f freedom « 4 .43
(3) P ith  from No. 1 M il l /T o ta l  P i th  Removed from Bagasse (Table X II)
Source Sum o f  Degrees o f  Mean
S quares Freedom Square F
Between Groups 448 2 224 5.35
Between Rows 1,636 4 409 9 .80
R esidual 880 21 41 .9
T ota l 2 ,964 27
187
F, a t  th e  1 per cen t le v e l  f o r  2 and 21 degrees o f  freedom **5.78
F, a t  th e  5 per cen t le v e l  fo r  2 and 21 degrees o f freedom « 3.47
F, a t  th e  1 per cen t le v e l  fo r  4 and 21 degrees o f freedom ■ 4.37
(4) Pounds o f P ith /Pound o f  Feed fo r  Various RPM (Table X III)
Source Sum o f Degrees o f Mean
Squares Freedom Square F
Between Groqps 4 ,315 .8  2 21,570 20,4
(2455, 1135, and 
795 RPM)
W ithin Groups 5 ,484 .0  52 1,055
Total 9 ,799 .8  54
F a t  th e  1 per cen t le v e l  fo r  2 and 50 degrees o f freedom “ 5.06
CORRELATION COEFFICIENTS AND REGRESSION EQUATIONS
(1) Pounds P ith /Pound Feed v s . Feed to te  a t  2455 RPM (Table X III)
C o rre la tio n  C o e ff ic ie n t =* r  a
EXE XX -
_____________ N_____________________
£ X2 -  E Y2 -
X “ Values o f feed  r a te
Y = Corresponding Values o f Pounds P ith /Pound Feed
48 ,088 .2  -  49 .083.4
262 x  33,802 “ 4
For 16 degrees o f  freedom an r  o f  .468 i s  s ig n i f ic a n t  a t  the  5 per cen t
l e v e l .  Hence, th e  c o r re la t io n  i s  n o t a s ig n i f ic a n t  one. The c a lc u la tio n
below i s  given as a sample.
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_ v a a r
m  K  m Q o c  2b -  s lope  o f  l in e  « -----------   [■» * - * - 3 . 8
r; y2 _ (£  *) 262
N
R egression Equation:
X i s  con sid e red  as th e  v a r ia b le  on th e  h o r iz o n ta l  a x is ,  and Y th e  v e r t i c a l  
a x is
Y » -.0038X ♦ a
The c o n s ta n t a  i s  ob ta in ed  by s u b s t i tu t in g  th e  average values o f X 
and Y in  th e  eq u a tio n .
I t  then becomes:
Y -  -.038X + .257
(2) Pounds P ith /Pound Feed v s . Feed Rate a t  1135 RPM (F ig u re  15,
Table X III)
r  „ 37A851. 1 „ . J 8 , 610,0 .  _ #387 
' /214 x  17,970
For 17 degrees o f  freedom an r  o f  .456 i s  s ig n i f ic a n t  a t  th e  5 per
cen t l e v e l ,  hence th i s  c o r re la t io n  i s  n o t a s ig n i f ic a n t  one. Even though
th i s  i s  t r u e ,  th i s  p lo t  i s  included  a s  F igu re  15.
R egression  Equation:
Y -  -.00461 ♦ .222
(3) Pounds Pith/)Pound Feed v s . Feed R ate a t  795 RPM (F ig u re  16,
Table X III)
_ 33 .508 .4  -  34.153.6r  “ ■ * ■■■■' « - .5 4 6
*448 x 3^080
For 16 degrees o f  freedom an r  o f  .458 i s  s ig n i f ic a n t  a t  th e  5 per
ce n t l e v e l  and one o f  .590 i s  s ig n if ic a n t  a t  the  1 p e r c en t l e v e l .  Hence,
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t h i s  c o r re la t io n  i s  s ig n i f ic a n t  a t  th e  5 p e r  c e n t le v e l .
R egression  Equation:
Y -  .00143X ♦ .158
(4) KVH/Pound of Dry Bagasse Feed v s . Feed Rate a t  2455 RPM 
(F ig u re  14t Table X III)
r  -  -8,033.8 -  8 ,4 5 6 .2  .  _ #90 
✓247.7 x  902”
For 13 degrees o f freedom an r  o f  .641 i s  s ig n i f ic a n t  a t  the  1 per 
c e n t l e v e l .  This c o r re la t io n  i s  s ig n i f ic a n t  a t  the 1 p er c en t l e v e l .  
R egression  Equation:
Y -  —000171X ♦ .0065
(5) KVH/Pound o f  Dry Bagasse Feed v s . Feed R ate a t  1135 RPM 
(F ig u re  14 , Table X III)
r c ^ 7 7 5 . 7 ^ . 9 0 4 . 1  .  _ #6Q 
✓214.7 x  89
For 17 degrees o f  freedom an r  o f  .575 i s  s ig n i f ic a n t  a t  the  1 per 
c e n t l e v e l .  This c o r re la t io n  i s  s ig n i f ic a n t  a t  the 1 per c e n t l e v e l .  
R egression Equation:
Y -  -.00061 ♦ .00241
(6) KVH/Pound o f  Dry Bagasse Feed v s . Feed R ate a t  795 RPM
2.523 .6  -  2 .640 .9r  -     -  .90
✓448 x  38
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For 16 deg rees o f  freedom an r  o f  *590 i s  s ig n i f i c a n t  a t  the  1 p er 
c e n t le v e l*  T his c o r r e la t io n  i s  s ig n i f i c a n t  a t  th e  1 per c en t le v e l*  
R egression  E quation:
Y -  -.000026X 4 .00144
(7) P er Cent Ash in  F ib e r v s . P er Cent Ash in  Bagasse fo r  Dry 
O peration  (F ig u re  10, Table V)
p ,  293.14 -  245.66 „ +#83
vn?:7rx"20i
For 10 deg rees o f freedom an r  o f  .708 i s  s ig n i f ic a n t  a t  th e  1 per 
c e n t l e v e l .  T h is c o r r e la t io n  i s  s ig n i f i c a n t  a t  th e  1 p e r c en t lev e l*  
R egression  E quation :
Y » .41X ♦ 1 .18
(8) Per Cent Ash in  th e  F ib e r  vs* P er Cent Ash in  th e  Bagasse fo r  
Wet O peration  (F ig u re  11, Table VI)
r  .  300.05 -  255.83 „ +#?4 
✓272.95 x 13.03
For 28 degrees o f  freedom an r  o f  .463 i s  s ig n i f ic a n t  a t  th e  1 per 
ce n t l e v e l .  This c o r r e la t io n  i s  s ig n i f i c a n t  a t  th e  1 p e r  c e n t l e v e l .  
R egression  E quation :
Y » .1621 + 1
(9) P er Cent Ash in  th e  F ib e r  v s .  Pounds o f  Water p er Pound o f  Ash 
in  the  Feed X 10“2 (F ig u re  12, Table V I). This c o r re la t io n  tak es  th e  form 
o f  the  hyperbo la :
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(Y -  1) (X -  0 .5 ) -  1 .2
The v a lu es  ,, + 1 were c a lc u la te d . A c o r re la t io n  was then d e -X -  0 .5
term ined between t h i s  c a lc u la te d  value and th e  measured value o f Y. The 
c o r re la t io n  c o e f f ic ie n t  was foimd to  be:
r  -  13,171 -  10,855 _ #?4 
628 x 1,542
For 26 degrees o f  freedom an r  o f  .478 i s  s ig n i f ic a n t  a t  th e  1 per 
c e n t le v e l .
The re g re s s io n  equation  becomes:
^(measured) ***^( c a lc u la te d )  +
S u b s t i tu t in g  .  1 f o r  *c a lc u la te d
Y ■ • »  [  r r b  4 * ]  4 •»
T his then i s  th e  equation  o f  a l in e  which b e s t f i t s  the d a ta  ob­
ta in e d . Due to  th e  s c a t te r in g  o f  th e  p o in ts  in  th e  p lo t  (F igure  12) th e  
accuracy  o f  th e  l a s t  equation  i s  n o t w arran ted . For wet o p e ra tio n , one 
may say th a t  about 400 pounds o f w ater should be used per pound o f  ash  in  
th e  feed to  a ssu re  th a t  th e  ash  o f  th e  f ib e r  w i l l  be low.
(10) Per Cent S o lid s  in  th e  Drain Water from the S tr a in e r  Tanks 
v s .  Pounds o f  W ater/^ound o f Bagasse (F ig u re  17, Table XIV)
129.994 -  146.746r  -   ------- -- " -------   • ■ - .6 9
y ^ u .b o  x 2.44
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For 12 degrees o f freedom an r  o f  .661 i s  s ig n i f i c a n t  a t  th e  1 p er 
c e n t l e v e l .  This c o r re la t io n  i s  s ig n i f ic a n t  a t  the 1 p e r  c e n t l e v e l .  
R egression  E quation :
Y -  .07X ♦ 1 .7 2
(11) Weight P er Cent S o lid s  in  the  D rain Water v s .  Per Cent Mud 
by Volume in  D rain  Water
r  .  170.527 -  152.027 „ t>30
✓173.3 " x
For 12 deg rees o f  freedom an r  o f  .661 i s  s ig n i f i c a n t  a t  th e  1 p er 
c e n t l e v e l .  T h is  c o r re la t io n  i s  s ig n i f i c a n t  a t  the  1 per c e n t l e v e l .  
R egression  E quation :
Y « 0.107X -  .32
t
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